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HIGHLIGHTS AND CONCLUSIONS 
geothermal development on the big island of Hawaii and the inter-island power 
' transmission cable is economically infeasible. This updated report, utilizing 
additional information available since 1987, reaches the same conclusion: 
The state estimate elopment cost of the ' 
s low and extremely optimistic. More realistic 
the range of $3.4 to 
es of power generation, geothermal can 
be 3.7 to 24 times as costly as oil, and 12 to l.7 times as costly as a 
solar/oil generating system. 
Yearly operation and maintenance costs for the large scale 
geothermal project are estimated to be 44.7 million, 72% greater than 
a solar/oil generating system. 
Over a 40-year period ratepayers could pay. on average. between 13 
(172%) and 24 cents (33%) per kWh per year more ior eiectriciry 
~ 
0 
produced by geothermal than they are currently paying (even with oil 
prices stabilizing at $45 per barrel in 2010). 
A comparable solado thermal energy development project is 
technologically feasible, could be island specific, and would cost 20% 
to 40% less than the proposed geothermal development.. 
Conservation is the cheapest alternative of all, can significantly 
reduce demand, and provides the yeatest return to ratepayers. 
0 
There are better options than geothermal. Before the State commits the 
people of Hawaii to future indebtedness and unnecessary electricity rate increases, 
more specific study should be conductcd on the economic feasibility, timing, and 
i 
magnitude of the geothermal projec e California experienc 
points up the fact that it can be a v ky and disappointing proposition. The 
state should demand that proponents and developers provide specific answers to 
geothcrmals troubling questions before they make an irreversi mmitmen t to 
i t  
The state should also more carefully assess the potential risks and hazards of 
volcanic disturbances, the degree of environmental damage that could occur, the 
future demand for electricity, and potential of supplying electricity from 
alternative energy sources, conservation and small s a l e  power units. As we stated 
in the April 1987 study, to move ahead with rapid large scale geothermal 
development on Hawaii without thoroughly studying these aspects of its 
development is ill-advised and economically unsound. 
~ 
.. 
ii 
. - .  
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In early 1989 the Pele Defense Fund requested that Northwest Economic 
Associates (NEA) update their 1987 economic analysis of the proposed Hawaii 
hermal Development And Inter-island Cable Transmission System Project 
report, the result of es the cost of building 
and operating 500 MW of g 
with the cost of building and operating 500 MW of oil-fired power plant generating 
capacity. This update also compares the geothermal project with a solar/oil hybrid 
generating system of the same size. The impact of energy conservation is also 
considered in terms oi its Dotentiai as an eaergy resource ana in its ccntri'cution to 
an energy development program for the state of Hawaii. 
i, 
This report develops low and high cost estimates for the project. In a project 
laced with as much uncertainty as this, a single cost figure is of little value. A 
range of values which attempts to account for some of the uncertainty seems a 
more logical approach to cost estimation. 
Our cost estimates include costs which should have been considered in the 
February 1988 Decision Analysts Hawaii, Inc. report for the State, but were not 
The most obvious being a standard Croject ccst contingencv. Other casts not 
considered in the State report but included in this report are: 
1) additional cost of the undersea cable to allow for slope changes on the 
sea floor, 
cost of constructing the cable laying vessel which does not yet exist, 2) 
3) cost of helper 
4) adequate insurance or plant replacement costs. 
A cost that neither the State r ort nor this report includes, but one that 
may be very important, is the cost of designing or protecting the plants to deal 
with geologic hazards. The added cost of strengthening plants, designing them for 
quick disassembly, or constructing protective barriers around them will be 
considerable. 
~ 
This report consia s as objecriveiy as possi 
great deal of uncertainty and high level of risk involved in the project. 
All costs are shown in l!390 dollars. 
Appenix C con 
Hawaii, Inc. report on the pro 
icisms of the February 1988 Deci 
geothermal project. 
THE GEOTHERMAL PROJECT AS CURRENTLY 
ENVISIONED 
The basic project scenario is that 500 MW of geothermal power will be 
generated in the Puna District on the Island of Hawaii. The power will be 
transmitted by overhead cables across the island to its northern tip where it will 
enter a submarine cable for transmission across the Alenuihaha Channel to the 
Island of Maui The power will then be carried by overhead transmission lines to 
the southwest corner of Maui where it will enter a second submarine cable and will 
be transmitted along the Auau Channel an ross the Kaiwi Channel to the 
Island of Oahu for distribution to customers. F i p r e  1 shows the described rcute. 
This is the route that is used in our analysis. Distances and channel depths are 
shown in Table 1. 
The amount of geot uction envisioned for the project is 
on the order of 500 net MW (meg lowing for transmission losses (10%) 
and adequate power reserve, (20%) 600 gross MW must be proven to exist and 
developed to meet project requirements. 
t MW of power would be provided by a number of geothermal 
power plants located in the area of the East Rif t  Zone of Kilauea volcano (Figure 
2). The number plants that will be required to produce the 500 net MW wouid 
either be ten 55 W plants, twenty 275 MW plants, or some combination of the 
two proposed sizes. The' distribution and location of the plants and their wellfields 
ned by the distribution and location of the resource, but since no 
hed that the necessary 600 gross MW actually exists, no 
attempt has b how a likely plant distribution pattern. In conjunction 
with the power plants and wellfields are the transmission cables (overhead and 
underwater) and their associated facilities. ist of the system 
components is found 
* 
1 
PREFERRED ROUTE; 
HDWC PROGRAM 
PREFERRED ROUTE 
HDWC PROGRAM 
Source: HDWC Program, Preferred Route Analysis 
(May 1986) .  
Sourcc 
NEA 
Source: 
HDWC Program, Preferred Route Analvsis (May, 1%). 
Aftemurive Approaches to the Lcgai. Innitutionaf, and FiMncial 
Aspects of Devdoping an Inrer-isfand Electrical Transmission Cable System, 
State of Hawaii, Department of Planning and Economic Development, April, 1986 
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._. Table 1 
DISTANCE CTERISTICS 
OF PREFERRED ROUTE, 
April, 1986 
Hawaii to Maui to Oahu 
Leneth 
From To Segment OWSUB K M M I  
23 14 1H OH Puna Keaau 
129 80 w OH Keaau Kawaihae 
23 14 
OH 32 20 
Kawaihae 
Mahukona Alenuihaha 4H SUB
:5 13 
32 20 
154 % 
Mahukona 3H 
Alenuihaha Alenuihaha 19 12 
w 131 
221 l38 
For Submarine Porti 
- 
- 
- 
NEA 
Source Alternative Approaches to the kgd, Imutuional. and Financial 
Aspects of Developing an Inrer-island Electrical Transmission Cable 
S~aem, State of Hawaii Department of Planning and Economic 
Development, April, 1986. 
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Figure 2 
AREA OF PROPOSED GEOTEERMAL FACILITIES 
i r )  
I\\\ Gcathcrmai Phot h t i o o  
- Trursmlnion 00 Line Route 
Source: Geological Survey Professi 
Table 2 
CABLE SYSTEM FACILITIES 
\ 
A cable system's facilities would consist, in the general order of sequence 
from the energy generation source, of the following components. 
The interconnection facilities (alternating current) to transmit the 
renewable alternate energy-generated electric energy from the power 
plants to the cable system's converter station on the Island of Hawaii; 
The land-based converter station on the Island of Hawaii KO convert 
alternating current (ac) KO direct current (dc) for cabie rransmission: 
The overhead transmission line traversing the Island of Hawaii to the 
land-based cabie termination facility, including an oil pressurization 
stat ion; 
The submarine cable system to Maui; 
The land-based oil repressurization station on Maui; 
The submarine cable system to Oahu; 
. A land-based cable termination facility on Oahu; 
The overhead hvdc transmission line from tkc cable [ormination 
facility to the converter station on Oahu; 
The converter station to convert dc to ac for interconnection to 
HECOs grid system, and 
The interc nection facilities to transmit electric energy from the 
cable to HECO's grid system. 
NEA 
Source: Akmative Approaches to the Legal, Inrtituriod, and Financial 
Aspects of Developing an Inter-island Electrical Transmission Cable 
Svsrcm. State of Hawaii. Dcpartment of Plnnninrr and Economic 
Ucvcloprncnt. d\prii. it!&. 
5 

THE COST OF THE GEOTHERMAL PROJECT AS 
CURRENTLY ENVISIONED 
In February, 1988, Decision Analysts Hawaii, Inc. (DAHI) submitted a report 
on the economic feasibility of the 500 MW geothermal project. It estimated the 
development cost at L675 billion (1986) dollars. Actual bids on the project have not 
been made public but speculation in the news media places them at above the $3 
billion mark? If these estimates prove accurate, they show the DAHI cost estimate 
to be more than a billion dollars low. 
'able 3 
25 Net MW Plants Plant/WeIlfield Total 
Capital Cost Comparison (M$) Surface Facilities Wells Cables Cast 
Without Contingency 
DAHI 1986% 6622 600.0 4133 16755 
DAHI 700.9 600.0 444.4 17453 
NEA l990$ (low estimate) 984.6 675.0 5614 222l.O 
NEA 1- (high estimate) l104.6 900.0 56L4 2566.0 
YEA 1990$ (low estimate) 1345.9 C!O.O 9 2.- 
With 20% Contingency 
DAHI 1- 84L1 720.0 5332 20943 
'1E29.1 
YEA 1990% (high estimate) 1507.9 ~080.0 d735 32614 
With 20% Contingency & Replacement Wells: 
DAHI 199(1% 84l.l 1440.0 5332 28143 
--- 
NEA 1990% (low estimate) 1345.9 1620.0 6735 3639.4 
. NEA 1990% (high estimate) w.9 2160.0 6735 43434 
11 Star-Bulletin, Special Report: Geothermal-A Heated Issue. by Susan Manuel, January 
2 1990. 
-. 'flit I?).% D ~ l f 1  cost figutcs arc brougilt u p  IO t " ~  Icws  usrng in 
calculated from indexes found in the Srarisrical Absrract of The Vtuled Stares. 109th 
Edition, US Dept. of Commerce. The annual construction cost inflation rate used 
for plantlwell field surface facilities is L43% based on Handy-Whitman public utility 
indexes for electric light and power plant construction. The annual manufacturing 
cost inflation rate for the cable portion of the project is 183% based on the producer 
price indexes for machinery and equipment. 
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NEA - GEOTHERMAL PROJECT COST ESTIMATES - 
This section describes how the geothermal project cost figures were developed 
for use in the analysis. Costs were developed for the construction of 25 net MW 
and 50 net MW geothermal' power plants, and laying of 
submarine cable, and the construction of overhead transmission lines and 
associated facilities In estimating this cost NEA used available information from 
various Federal, State and Private industry sources and reports, and have followed 
the route and system requirements found in the DAHI and pre us NEA reports. 
Costs were developed for two sizes of power plants, 25 net MW (275 gross 
MW) and 50 net MW (55 gross MW). The DAHI report uses 25 MW plants in its 
analysis but indicates that current conjecture is for ten 50 MW plants To estimate 
power plant costs we used the CENTPLANT computer program. This program 
was created specifically for estimating geothermal development costs and is 
designed to estimate the capital cos a1 plant and wellfield surface 
facilities having 10 to 100 MW c a p  e estimates are based upon the 
temperature of the resource, its flow rate, and the location and difficulty or' 
liy developed by the Oregon 
ering formulas provided 
ilable from the Oregon by Bechtel National, 
Department of Energ 
g components: 
Geothermal Power Plant 
Turbine inlet valves and strainers 
Turbine and qrencrator 
Condcnscr (surtacc iypc 
Condensate pumps 
Cooling towers 
Circulating water pumps and pi 
Main transformer 
Switchy ard 
Process piping 
9 
1. 1 
Geot herm ai Power Plant - cont'd 
Plant electrical equipment 
Instrumentation and co 
Site preparation 
Turbine and control building 
Balance of plant systems 
Construction 
Indirect field rary construction 
facilities, miscellaneous construction services, 
construction equipment and supplies, field off ice, 
preliminary checkout and acceptance testing, and 
startup). 
Wellf ield 
Production weilpaa piping 3na equipment downstream 
from wellhead shutoff valves 
Production wellpad instrumentation and controls 
Steam or hot water transmission pipelines 
Flash tanks (flashed steam plants only) 
Steam release facility 
Startup system for production wells (flashed steam 
plants only) 
Reinjection pumps 
Reinjection pipeline 
Reinjection piping and equipment 
Reinjection instrumentation and controls 
Wellfield electricai system 
Wellfield distributed digital automatic control system 
Construction labor 
Engineering, procurement, and construction management 
Indirect field costs 
Production and reinjection island development 
(clearing, grubbing, grading, etc.) 
On-site roads 
b u t s  Provided Bv Promam User 
H2S Abatement 
Pcrmits nnd licsnscs 
Resource assessment and exploration 
Production, reinjection, and replacement wells 
Owner's engineering, administrative, and general 
Cost overrun contingency 
10 
Research and development costs . 
Power transmission lines beyond the 
station 
converter 
program gener estimates of costs based on built- 
ring factors p ational, Inc and variable input 
assumptions provided by ge estimate does not account for 
reinjection wells which will be required in the proposed 500 MW project 
Therefore, only the mid and high estimates are used in this report. The mid . .  
timate is now referred to as the low estimate using injection wells. 
211 Productioflnjection well ratio 
3 4  well drilling success ratio 
aration and construction camp is required 
2ll ProductiodInjection well ratio 
3/1 well drilling success ratio 
100% production well replacement over life of the plant 
Production wells assumed to be feet deep and to cost $25 
million per well. Injection wells and drywells are estimated to cost $20 million Per 
well. The same well costs are used as those found in the DAH1 report See 
Appendix A €or the range of well costs considered. 
11 
-. - -- 
This study's production to injection well ratio is 2 to 1 The DAHI report 
assumes a 267 to 1 ratio. Based on dat 
Japan appearing in the Geothermal Resources Council Bulletin of October 1989. 2 
ratio of lJ to 1 was experienced. For lack of better information our ratio resfs 
comfortably between the two. 
The well drilling success ratio is 3 to 1, while the DAHI report assumes a 4 
figure used in 
- 
atio. The Japanese experience i ates a ratio of 24  to 1 ' 
this study between the two. 
The well replacement rate is 1oob/o over 20 years; the DAH1 report rate is 
also 20 years, Recent reports from The Geysers in California, however, indicate 
that steam pressure in the wellfields is falling rapidlv. and that w 
only 10 to 15 years instead of the earlier predicted 20 to 30 years. If 
for Hawaii, the replacement rate may be 200% on more. 
Hydrogen Sulfide (%S) abatement assumes the use of a S 
The cost is based on a similar abatement system. 
Unit 21 is 125 MW so the cost has been scaled down to 25 MW and 50 MW using the 
0.6 scaling factor found in the DAHI report and brought up to 1990 dollars. 
According to a 1985 review of a report estimating abatement costs for Hawaii, 
Thermal Power Company and Bechtel Group Inc., indicated that abatement costs 
in Hawaii will vary widely since the resource is so variable 3nd *xiil k m g e  .?-e: 
time. The estimated abatement costs reviewed by Thermal Power and Bechtel 
were based on a single set of assumptions and were characterized as being "at the 
extreme low end of published values for similar plants," such as The Geysers Unit 
21. 
from The Geysers, Unit 
Based on this criticism and the assumption that geothermal fluids in Hawaii 
abatement cost are at least as toxic and corrosive as those in California, the Unit 
figure is used as the low abatement cost for 25 MW and 50 MW plants, The costs 
are: 
- Low tJ& 
Million 5 
25 MW 646 9.70 
50MW 1034 1551 
. .  . .  
A 20% cost contingency is added to the plant/wellfield surface facilities, 
development costs and we petted Costs and cost 
overruns. Using this contingency level is justified since it agrees with the 
difference between actual completed pl costs shown in Table 4 and the 
. CENTPLANT generated estimates. G ermal experts who have studied 
geothermal development costs agreed that 20% is probably the minimum 
contingency, while 30% may be more appropriate f a project as ambitious as the 
Hawaii project' 
rilling costs to cov 
The CENTPLANT generated estimate for dollars per gross kilowatt hour 
for a 25 net MW (275 gross MW) plant is 20% below the average 
oss kilowatt hour of plants constructed in the 20 to 30 MW ranpe. 
'The DAHI report estimate is 52% below the average. For dollars per net kilowatt 
hour, the percentages are NEA 22% below and DAHI 55% below. 
Only one of the three plants listed, shows a construction time for building a 
geothermal power plant. The figure is higher than estimates of Stone & Webster 
Engineering Company of Denver, 
construction time, and 24 months average? NEA uses the estimate of 12 
months, while the DAHI report estimates 7 months or 1 construction time per 
plant. 
using the CENTPLANT program. 
CENTPLANT output. 
See Appendix B for more detail on the 
a a 
Table 4 
GEOTHERMAL PLANT COST COMPARISON 
Year Built Cost 1990 .LIonthr 
a- Cost UGR SfNct SM UGR $/Net Canst. 
Year watts SM KW KW 19905 KW hW fime 
Plants in 
2a-3oMw Rang& 
Bur Canyon 1989 u o m  348 
ROOSCVCI~ 1984 U s m  36.0 
WcstFordFlat 1989 29.7 27.0 47.0 
Plants in 
20-3oMw Range 7 U  6713 1178 
(=)NEA 
LOW 1990 275 2S.O 
(2rmw) N U  
High 1990 27s 
(255MW)DAHI 1990 173 
l582 1740 
m2 1800 28 
I582 1741 
l2Z 1625 l023 
373 us7 1493 l2 
JO.9 1G8 :6.6 12 
‘9.4 368 274 , - 
Note Constntnion co*s wen brought up to 1990 dollan using an annual construction cost inflation rate of L43%. Ibh rate 
is based on Handy-Whitman public utilitv indexa for electric light and wwer plant const. -cncn. - Sce earlier footnote. 
Table 5 
GEOTHERMAL POWER PLANT CAPITAL COST 
(l990 dollars) $million 
Plant Sue LOW 
(Megawatts) Estimate Estimate 
25 107.79 129.40 
T) 137.07 tZ7.!i, 
Note: Includes initial wells, wellfield surface facilities, power p 
transmission lines, resource assessment, permits, licenses, 
contingency. Does not elude replacement wells. 
t 
Table 6 
COST COMPARISON (MS) 
PLANTS AND WELLS 
25 Net MW Plants 
Cost Comparison (MS) Surface Faciliti Web  Total 
PIant/WeU field 
Without Contingency: . 
DAHI l98S 6622 600.0 12622 
700.9 . 600.0 13009 
984.6 675.0 1a9.6 
DAHI 1990% 
1104.6 900.0 20046 
With 20% Contingency: 
84Ll 720.0 l56l.l 
135.9 810.0 2155.9 
DAHI 1990$ 
NEA 1990s (low estimate 
YEA 1W$ (high estimate) 1507.9 ;080.0 2587.9 
With 20% Conti 
f .  
1440.0 2zm.l 
1620.0 2%59 
2160.0 3667.9 
Note: The 1986 DAHI cost figures are brought up to 1990 levels using inflation rates 
calculated .f rom indexes found in the SrurMcd Absrrucr of The Unized Srura, 
109th Edition, US Dept. of Commcrcc. The annual construction cost inflation ra!e 
used for plantlwell field surface facilities is 143% based on Handy-Whitman public 
utility indexes for electric light and power plant construction. The annual 
manufacturing cost inflation rate for the cable portion of the project is l.8396 based 
on the producer price indexes for machinery nnd equipment. 
currents oE unce 
and construction of a 
in operation fully 
world, and although 
the Hawaii Cable Project proposes to install its cable system at deeper depths than 
_ .  . . . 
any of the others, there is little doubt that the design and engineering can be 
accomplished. The question, is at what cost? 
Table 7 gives a basic aescri 
for the cable project, and Figure 
This specially designed oil contai 
mile length between Hawaii and Maui (see Table 1, Segments 4H, lA, 1M). 
i the type oi cable thought to be needed 
its design characteristics in cr 
essurized cable would be used 
The % mile length from Maui Oahu (Table 1, Segment 3M), i 
ation of solid cable with single less treacherous water, will use a co 
armored lengths. This cable scenario is in agreement with that proposed by the 
Pirelli Cable Corporation and found in the DAHI report. 
Notes on the cable calculation: 
1. The costs of cable manufacturin are from Pirelli Cable Corporation 
as found in the DAHI report. T a e cost is in 1986 dollars. These costs 
are brought up to 1990 dollars using a L83% per year 
See Table 3, footnote 2 
The cost of oil pressurization stations is from Pirelli Cable 
Corporation as found in the DAHI report The costs are in 1986 
dollars. These costs are brou ht up to 1990 dollars using a 183% per 
year inflation factor. See Ta 6 le 3, footnote 2 
A n  allowance for slooe and bend for the undersea distances is 2 R  for 
the Hawaii-Maui segment and 5% for the hlaui-Qahu segment. 
Cost of the cable laying vessel, which will have to be constructed, is 
from William Bonnet, Hawaii Deep Water Cable Program Manager, 
in a letter to Nelson Ho, March 10, 1987. The 1987 figure is brought U 
to 1990 dollars using a 228% per year inflation factor. (US. Bureau o 
Labor Statistics, Producer Price Index for transportation equipment). 
2 
3. 
4. 
P 
5. We assumed two helper vessels 
cable. We base this assumption on 
Geothermal Resources Council 
which described the deepwater 
vessel itself, the mother ship of 
and examine the cable. and a monitorine and evaluation vessel to 
Lccp track or ocean currcnts is rcquircu in  chc operation. 
GENERAL DESCRIPTION OF THE PREFERRED CABLE 
The cable that is currently being evaluated is a self-contained oil-filled (SCOF) cable. 
with a 300 kVdc voitage, capable oi a total transmission load or' 250 megawatts (MW) or' 
electric energy? It is 4.7.inches (119.5 mm) in diameter and weighs 24.46 lbs. per foot (36.4 kg 
per meter) in air and 1734 Ibs per foot (US kg per meter) in water. The current estimated 
cost of manufacturin imately $280 per yard ($9333 per foot) of cable 
($306 per meter) 
Selected Basic Design Characteristics 
of Cable Design No. U6 ~ 
* 
SCOF (See Figure 1) 
k?OO KVDC 
i.500 q mm 1248 IQ an) 
TOPI Transrmnion &ad 500 MW 
Transmission Load Per Cable 2 9  MW 
Rated Cumnt Per Cable 
Conductor Material Aluminum 
OilDuctDiamcter 2S mm (0.98 in) 
Oil 'rypc: 
Polarity Reversal Allowed 
rnsulation'fhicknm 10s mm (0.4 in) 
Cabk Finitbed Diameter 
Cable Weight in Air 
Cable Weight in Water 
Maximum Oil Feedinq Length 
L o s e s  at Rated Current Per Cable 
(Bucd 00 PCC Formula) 
Muimum Allowable Cable Pulling Tension 
w a p o n d i n g  Maximum Water Depth 
(Bucd 00 PCC Formula) 
Minimum Allowable Bending Diameter 
During instakation: 
$33 Amps 
High Density Synthetic Low V d t y  
Number of Cables for System 2 plus m e  spare 
Conductor Diameter s22mm(206in) 
11911 mm (4.70 in) 
36.4 kg/m (24.46 IWft) 
258 kglm (1734 Wft) 
!90 km (118.1 mi) 
8-withOUt Tcmi 
e-With Marimurn Allowable Pulling Tcmion l20 m (2937 ft) 
Ihk information has k e n  provided by Parsons Hawaii and HECO. 
i , . \ m l .  !"W. 
veloping 8 
of Planning 
Sour= 
NEA 
Soure  
b 
CABLE MANUFACTURING COST: 
I Hawaii-Maui 
3 Cables 
42 miles 
126 cable mil 
20% slope correction factor 
1512 total cable miles 
(1986) 85.00 dollars per foot 
(1990) 9l.39 dollars per foot 
(1986) WlOO$OO oil pressurization stations 
(1990) $72,959,927 cost for cable 
(l990) $6,45l,404 oil pressurization stations 
(1990) S79,4ll,33l total for cable & 
oil stations 
Total Haw 
Maui-Oahu I 
3 cables 
5% slope & bend correction factor 
3024 total cable miles 
(1986) 8l.25 dollars per foot 
(1990) 8736 dollars per foot 
(l990)’ $139,485,266 cost for cable 
CABLE LAYING COST: 
Vessel Construction 
(l990) sl8835496 
(1987) Sl7,600,OCMl 
1 
42 miles 
126 cable miles 
3024 total cable miles 
050 cable miles per day 
605 days to lay cable 
$18.327273 Cost of Main Vessel 
Sl3.745,455 Cost of Helper Vessels (2) 
Cost of Main Vessel 
291 Years to lay cable 
19 
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Overhead Transmission Lines and Faciiities 
There will be 108 miies of DC (direct current) transmission line on Hawaii 
(Table 1, Segments lH, 2H, 3H), 20 miies on iMaui (Table 1 Segment 2M), and 3 rniies 
on Oahu (Table 1, Segment 10) There will also be a need for new AC transmission 
lines to connect from the converter stations to the existing grid on Oahu We 
estimate this length at  15 miles. 
Overhead Transmission Lines and Facilities 
, and AC/DC Conversion Stations 
Total Cost For Termination Facilities 
and AClDC Conversion Stations 
Cost/mile Overhead DC Transmission Lines 
2 Stations 
%180,000,000 
$240,000 
108 MilesHawaii 
20 Miles Maui 
3 MilesOahu 
2 Lines 
262 Total Miles 
S62SO,000 
3360.0oO 
S5,400,000 
Sl,OOO,000 Environmental Impact Statement 
Total Cost Overhead DC Transmission Lines 
Codmile Overhead AC Transmission Lines 
Total Cost Overhead DC Transmission Lines 
15 Miles Hawaii 
20% Cost Contingency Factor 
(1990) S298,!J36,000 Total Cost For Overhead Transmission Lines 
and Facilities with 20% Cost Contingency 
Notes on the transmission facilities calculation: 
1. The cost of AC and DC transmission lines is from Bonneville Power 
.Idministration (BP:\) cnginccrs in t’ortland. Orcgon. T k  C C S ~  fa: 
AC transmission lines is more than for DC transmission lines because 
AC transmission requires three cables instead of two as is the case for 
DC. This third cable requires that the towers be larger and the right- 
of-way wider for AC than for DC. 
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2 Two ACDC conversion stations and termination facilities will be 
required for the project. One will be located at the source of power 
generation on Hawaii and the other on Oahu where the DC power 
lines join the AC power distribution grid. BPA engineers estimate 
that a termination and conversion facility for a 500 MW system using 
solid state converters and state of the art switchin gears and 
Hydro engineers est 
transformers will cost between $80 million and $l 08 million. (B.C. 
e the cost at closer to $125 million per station) 
transmission cables and facilities is shown in Table 8: 
able 8 
COST COMPARISON (h.I$) 
TRANSMISSION CABLES AND FACILITIES 
0 cost Contingency 
No cost for cable laying vessel 
No slope or curvature allowance for cable 
DAHI 1986 $ $4133 
DAHI 1990 S $444.4 
With 20% cost contingency 
No cost for cable laying vessel 
No slope or curvature allowa 
DAH $5332 
. I  
With 20% cost contingency 
Includes cost for cab1 
Includes slope and cu 
roject development costs for 
Table 9 
PROJECT DEVELOPMENT COST COMPARISON 
Without Contingency: 
DAHI 19W 
NEA 1990% (low estimate) 984.6 675.0 
With 20% Contingency 
DAHI 1990% 8411 720.0 5332 
NEA 1990% (low estimate) w5.9 810.0 6735 
6735 
With 20% Contingency 3: Replacem 
Wells: 
5332 
NEA 1990% (low estimate) 1345.9 1620.0 6735 
NEA 1990% (high estimate) l507.9 2160.0 6735 
17453 
22210 
2566.0 
DAHI l990$ 7009 600.0 344.4 
NEA 1990% (high estimate) 1104.6 900.0 
20943 
2829.4 
326L4 NEA 1990% (high estimate) 1507.9 1080.0 
28143 
3639.4 
43414 
DAHI 1- 84L1 1440.0 
,MA Proiect Cauital Cost Estimate 
20% Contingency 
Includes Replacement Wells 
(1990 Dollars) 
(20)25 net MW plants 
Low 33.64 Billion 
High $434 Billion 
Low $335 Billion 
High $4.03 Billion 
(low net MW plants 
NEA Proiect Cauital Cost Estimate 
30% Contingency 
Includes Replacement Wells 
(1990 Dollars) 
(20\25 net 3fW nlants 
Low $329 Billion 
High $4.65 Billion 
Low $356 Billion 
High $43 Billion 
(lo)% net MW plants 
22 
NEA - OIL AND S O W O I L  POWER PLANT COST 
ESTIMATES 
sed in this analysis is $800 per 
. r  
costs gives us a base capital cost of $800 per 
S8,OOO,OOO plant base cost (110 MW) 
2Wp cost contingencv 
3105.600,000 plant cost with contingency 
10 .miles transmission lin 
L # 
mLAR/OIL PLA NTS 
The cost for a solar/oil fired combination (hybrid) PO plant comes from 
Luz International, a builder and developer of solar thermal rric power piants. 
Luz International operates the largest solar facility ever built (200 MW in the 
Mohave Desert region of Southern California) and the source of an estimated 90% 
of the worlds solar electricity. Luz supplies solar the 
the Southern California Edison power company. Thei 
Luz's Solar Electric Generazing Syszems (SEGS) use trough mirror assemblies 
that individually track the sun by way of sophisticated microprocessors and 
highly precise sun-sensing instruments. The mirrors reflect sunlight onto 
stainless steel heat collecting pipes covered with a customdesigned absorptive 
coating. 
Inside. the pipes, a heat transfer fluid ( a synthetic oil) absorbs and transports 
the thermal energy to a conventional boiler, which converts water to steam. 
The steam is then superheated with additional solar thermal energy and 
powers a steam turbine generator connected to the utility's power grid. On 
cloudy days or during evening hours, steam is generated by a natural gas 
boiler that runs the same turbine. The system can also operate in a hybrid 
mode, using both solar thermal heat and natural gas to generate steam from 
two separate boilers to run the common turbine. 
The natural gas boiler is avaiIable to power the turbine generator in order to 
ensure uninterrupted power during peak demand periods. This makes solar 
thermal plants more reliable, and therefore more attractive to utilities. 
according to Luz. because they can guarantee power a t  all times. 
Representatives from Luz InternationalZ indicated that a hybrid solar/oil 
generating facility similar to the soladgas facilities now operating in California 
was a possible power generation option for Hawaii. The cost of the facility would 
be higher in Hawaii since the solar radiation availability (insolation) is lower. For 
example, the average annual mean daily solar radiation based on four collection 
stations in Southern California is about 1850 BTU's per square foot3 In Hawaii the 
11 Power Surge The Srazus and Near Term Potenrid of Renewable Energy Technologies. By 
Nancv Radcr. f - x  t h e  Public Citizen Cii:icai > . ! - i s  Zzcrgy Pr:-ic.ct. 1 1 ~ ~  !IF. 
Phone conversation with Howard Hampton, Luz International. LTD, February, 1990. 
The solar availability figures (insolation) come from the US. Dept. of Energy 
publication Inpur Dam fur Solar Sysremr, by V. Cinquemani. J.R. Owenby Jr, and RG. 
Baldwin, November 1978 
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I 
average annual mea diation available ased on four collection 
stations, is about 1550 BTU's per square foot. Consequently, more solar collector 
surface area would be requ 
energy as in Southern Cali ectors are the major component 
of the solar facility the cost would increase accordingly. Below is a comparison 
that shows the estimated difference in cost between a 100 net MW solar/oil plant 
built in Southern California base nternational cost estimates1 and a 100 
net MW plant built in Hawaii. 
COMPARISON OF SOLARIOIL PLANT COSTS- 
CALIFORNIAIHAWAII 
California 
solar costs 100 net MW California 
l.8SO btdsq. f t  insolation 
3.4l3.000 btu per h4W 
W5 sq. ft coilector to captur 
gross MW 
ll0 gross M W  
gross M W  
2- sq. ft. collector for 110 
035 conversion efficiency 
579,815 sq. ft collector for 110 
gross M W  
L988 S/kW for solar collectors 
377 $/for sq. It. solar collector 
218.680,OCNl f for solar collectors 
w) S for common generator 
2238 S kW for solar component 
550 kW for oil component 
2,788 S kW for solar/oil plant 
i 
Hawaii 
solar costs 100 net MW Hawaii 
ISSO btu/sq. f t  insolation 
3.4l3,OOO btu per MW 
'W5 sq. ft collector to capture 1 
gross M W  
ll0 gross M W  
gross M W  
24-l3 sq. f t .  collector for ll0 
0 3  cimversion eificiency 
, 692,037 sq. ft. collector for 110 
gross MW 
2,373 $/kW for solar collectors 
377 $/for sq. ft. solar collector 
261,005J61 S for solar collectors 
250 $ for common generator 
2,623 f kW for solar component 
550 kW for oil component 
3173 S kW for solar/oil plant 
1 
Using this base we calculated the total cost per 100 MW solar/oil hybrid 
power plant as: 
base capital cost 
ant size (100 net MW + 1Wo loss 
allowance) 
$349,030,000 
$414836.000 plant cost with contingency 
plant base cost (ll0 MW) 
2Wo cost contingency 
10 miles transmission line 
$360,000 cost per mile 
~ 
$3,600,000 cost per 10 miles 
2Wo cost contingency 
S4320.00 transmission line cost 
S423JS6,OOO total plant cost 
This is the solar/oil plant capital cost used in the analysis. 
In the analysis it is assumed the solar component of the plant contributes 
30% of the total power output. The oil component provides 70%. 
~ The island of Hawaii is the product of volcanic eruptions that have occurred 
over millions of years Eruptive activity is currently occurring and as stated by the 
authors of a recent USGS Publication:' 
"Similar eruptions have continued into historical time on the islands of 
Hawaii and Maui and undoubtedly will occur in the future, especially on 
Kilauea and Mauna Loa Volcanoes.* Most Hawaiian eruptions form lava. 
. flows that endanger chiefly property; explosive eruptions are relatively rare 
but are more likely to threaten people. As intensive land development 
expandsL gh hazard. the threat 
property 
The current eruption whic 
present, has covered well over l2,h ac 
million. It is the same eruptio 
geothermal development site 
insuring geothermal prop0 
in 1982 and has continued through the 
covered what was to have been a 
land exchange with the state, 
Figure 4 shows the five 
Of the five, the two most acti 
the recent past. Kilauea h 
t make up the island of Hawaii 
d Kilauea. Tables 10 and fl list 
activity that has occurred on Mauna Loa ana Kilauea Volcanoes in 
s had 37 eruptions in 152 years 
upting, is the most 
is shown in Figures active of the two. The type a 
1- " 
scrics of hazard zone maps and dcscribcs them in the ioilowlng manner: 
11 Volcanism in Hawaii, Chapter 22, US. Geological Survey Professional Paper U50,1986. 
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Figure 4 
MAPOFTBEISLANDOFHAWAlI,SHOWINGTEFE 
FNE MAJOR VOLCANOES THAT MAKE UP THE ISLAND, 
AND THE HISTORIC LAVA FLOWS. 
I 
20.- 
Ke 
19'- 
Source Volcanoes in the Sea, The Geology of Hawaii, Gordon A. Macdonald and 
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Table U 
VOLCANISM IN HAWAII 
Historid Emptio f Kilauea Through May, 1985 

Figure 5 
TYPE OF ERUPTIVE BEHAVIOR OF KILAUEA VOLCANO 
B 
Source Volcanism In Ha waii, US. Geological Survey Professional Paper USO. 
Fi 
0 SHOWING THE LOCATION OF 
THE SUMMIT CALDERA, TWO ACTNE R E T  m W  
T€€5 KOAE AND HILINA FAULT SYSTEMS, AND 
S ON LOCATION OF HISTORIC ER 
THERIFTZONES 
~~ 
e b 
Figure 7 
ERUPTIVE HISTORY AND RM BEHAVIOR OF KILAUEA VOLCAIVO 
tructure of Kilauea 
A. Mapped structures, simplified from Hoicomb (l980b). 
B. Structural subdivisions, modified from Swanson and others (l976a). 
0 I (0 *I =-U 
b I 
awaii, US Geological Survey Professional Paper US. 
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T h e  hazard-zone maps distinguish cas in which the general level of hazard 
is different from that of adjacent areas. However, the level of hazard can 
vary considerably within any hazard zone, either gradually or abruptly. 
Direct volcanic hazards. for example. decrease in magnitude eradually across 
zones away from active vents. For such hazards as lava flows, the frequency 
with which a specific site is affected decreases with increasing distance; for 
other hazards such as tephra and gases, the severity of effects diminishes 
gradually with increasing distance Such gradational changes in the hazard 
may extend across an entire zone. 
Hazard zones are based chiefly on the assumption that future eruptions will 
be like those in the past that are known from oral and written histories and 
from geologic investigations. Some kinds and scales of eruptive events could 
occur that are not foreseen by these hazards assessments." 
According to Dr. Richard Moore of the U.S.G.S, Hawaiian Volcano 
Observatory, the two most critical hazards to geothermal development are lava 
flows and ground subsidence.' Dr. Moore believes that earthquakes are also a 
hazard but that stru However, he notes that 
surface pipe systems 
The area in which t be located is 
shown in Figure 8 According to U.S.G.S. stu eS, this is an area of high risk due to 
volcanic lava flows. The cross-hatching sho the general area in which the power 
plants will be located, and the line crossing the - 
I 
zones are also based partly 
on the current structural conditions within the volcanoes, on fault scarps and 
other topographic features that would limit the distrib of lava flows, and 
quency of past eruptive events." 
test degree of hazard exists in Zone 
J 
decreases as ' the zone 
n u m i v r  incrc:ises. Zones 1 and 2 :;re the z m c s  c?f !pxti 'st i::ncxn. 
Figure 8 
HAZARD ZONES FOR LAVA FLOW ON TEE ISLAND OF HAWAII 
\\\\ Area of proposed 
geothermal development - Reposed- ’ ion route 
Po 
Source: Volcanism In Hawaii, U S  Geological Survey Professional Paper US. 
Figure 8 indicates that the geothermal plants will be located in or near 
Hazard Zone 1, while the transmission lines will traverse Hazard Zone 2 Lava 
flow hazard zones are described a s  
"Zone 1 consists of the summit areas and active parts of the rift zones of 
Kilauea and Mauna Loa; in 'those areas, 25% or more of the land surface has 
been covered by lava within historical time, during the 19th and 20th 
centuries. These areas contain the sites of most historical eruptions, and a 
large majority of the lava flows that will affect other zones on Kilauea and 
Mauna Loa in the near future probably will originate in Zone 1 
Zone 2 consists of several areas that are adjacent to and downslope from the 
active rift zones of Kilauea and Mauna Loa and therefore are subject to 
burial by lava flows of even small volume erupted in those rift zones. On 
Kilauea south of its east rift zone. as much as 25% of the land surface has 
been covered by lava durine historical time. and 3-15?5 has been covered 
since 1950. Lava ilows have covered parts of this area as recently as January 
1986, and the history of KiIauea suggests that they will continue until some 
significant change occurs within the volcano. Although very little of the area 
in Zone 2 north of the lower east rift zone of Kilauea has been affected by 
lava since 1950, about lS% of that surface has been covered during historical 
time. On Mauna Loa, long and voluminous lava flows have repeatedly 
entered the areas included in Zone 2, covering about 5% of those areas since 
1950 and about 20% within historical time" 
In addition to lava flows, groun actures and subsidence will also place 
power plant structures at risk, especial1 the Kilauea rift zone area. Figure 9 is 
the hazard zone map for ground fractures and subsidecce. T:le x n e  cf  tip:?^: 
hazard, Zone l, includes t summit areas and rift zones of Mauna Loa and 
Kilauea, where fracture a ubsidence occur most frequently. On Kilauea, the 
geothermal plants will be located or near this zone. Zone 2 consists of the south 
flank of Kilauea, where fracturing and subsidence occur somewhat less frequently 
than in the summit and rift zone areas. Again, frop the previously cited U.S.G.S. 
report, the danger is apparent: 
"Large parts of the flanks of Kilauea a 
subside abruptly. The areas affected may be several tens of kilometers long 
and involve hundreds of square kilornctcrs of  !and." 
. for example, sometimes 
The extent of the danger these hazards present to the project can be 
considerable especially over the long term. The U.S.G.S. report estimates that 
. . ,  
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HAZARD Z O N S  FOR GROUND ERA- AND 
SUBSIDENCE ON TEIE ISLAND OF HAWAII 
Source Volcanism In Hawaii US. Geological Survey Professional Paper 13%. 
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about 510% of Kil h lava during any 50 
year period. If 10 to 20 geothermal plants are located along Kilauea’s rift zone, it 
does not seem unreasonable to assum nay be affected by either 
lava flows or groun itigation procedures such 
as lava flow diversi arily effective in some 
cases but can creat re diverted to an area 
which otherwise would have been spared res would have to be quite 
large since lava flows can easily be more 0 feet thick and they most 
likely would have to be earthen structures capable of withstanding the tremendous 
high ground can also be 
nusual ways and change the 
fe the next. The 
reviously cited U.S.G.S. 
and Mauna Lo 
ope, but they may 
vary in detaiL Because parts of a flow are continually cooling and becoming 
more viscous, the flow may not move directly into the lowest available 
ground as would a stream of water. Lava flows may move diagonally down 
slopes or even cross low ridges.” 
A proposal to design parts of the plant for mobility and to move them about 
when danger is imminent will require specialized designs. =wing  equipmen: -xi 
assumes enough warning time to shut the plant down, disassemble it, and move the 
components to a safe place. The result is still the loss of a plant site and generating 
capacity. The State report assumes that destroyed plants will be rebuilt 
immediately, but this will depend on the magnitude and length of the eruption and 
assumes a replacement site and wellfield is readily available. If this assumption is 
wrong any components saved from destruction could not be used until new wells 
had been drilled and a safe wellfield and plant site located and developed. 
Whatever shape the mitigation structures take their cost will be 
:msi(ir:r;lblc ;:nd twi l  Iuvc :,) :c ,;&ir:d :\I rhr: ;3:aIIt, :\c.ilfic.:,: 2cveqxncn: 
costs. None of these special design features are considered in the State report or 
are adequately considered in this updated NEA report. 
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The best advice for building in these haza 
U.S.G.S. report 
"Protection from the effects of lava flows, other than by such methods of 
diversion or control, is generally not feasible. An individual lava flow will 
have roughly the same effects all the way from its source to its terminus, and 
attempts to protect buildings and other structures from the hot, crushing lava 
generally are not effective." 
virtually the only way 
to reduce losses from lava flows." 
-use zoning and evacuatio 
The inability to control these hazards has led the US.GS. to recommend that 
facilities that have unus or are essential to public health and safety 
should not be built in ar zards are high. Power piants are not oniy 
essential to the public h ety of a community, but they provide the 
lifeblood required for the maintenance of a healthy, productive society. It seems 
unwise to locate them eas where their functioning is likely, at  best, to be 
disrupted or, at worst, t mpletely destroyed. 
to remove the effects of,inflation over time and to allow a comparison of costs 
using a common poi ce. The term "real" when referring to interest 
rates means the rate 
The analysis ass g to develop the geothermal 
resource will sell bonds to pay for it, To be consistent with the DAHI report, 24 
year corporate utility bonds are used i e analysis although according to Some 
experts 24 years is too long a per 
. Four different rest rates are used 
for the construction o 
rate for the construction of geothermal ge 
Treasury bond rate to provide 
basis for comparing the pres 
alternatives, and 4) a short-term W.S. Government security rate 
liquid plant replacement insurance fund, 
a low risk bond rate 
a high risk bond 
a long-term Us. 
ext b a t  alternative investment and to act as a 
net values of the three power generation 
. 
. .  
The interest rates used in the analysis can be found in Table 12. The 10 year 
verage real rate is used in the analysis Aaa 
or oil and soiarloil alternatives, This rate ass 
vestment. 'The Baa bond is a 
higher risk bond Since the geothermal venture is higher in risk than the other 
alternatives a higher return will have to be guaranteed to investors for their 
nnrticipation. .I hiqhcr r s u r n  to the investor mmns :: !:igkcr x t  : :he issuinp 
entity. Bond insurance is high risk as well and increases the rate by 0.01. 
11 Alex Sifford, Geothermal Program Manager, Oregon Department of Energy, in his 
review of the DAHI report, June, 1988 
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Table 12 
Public Public Band U S  U S  Annual 
UUlity Bonds UUIity Bonds Risk Treasury Bonds Commt smvit ia  Idhtioa 
Nominal Real Nominal Real Real 
1974 781 Ll3 498 Lo8 
1975 4.27 L93 6.98 a 2  
1976 863 2.23 Ll9 6.78 038 
1977 819 L49 0.87 7.06 036 5 s  -lJ7 
1978 a87 u7 0.7s 789 os 758 0.28 
1979 986 096 110 a74 -0.16 10.06 L16 
1980 I230 3 3  l.65 10.81 La ll37 237 
:981 14.64 4.94 :a60 5.90 t56 ’ 5 7  5.17 -3ao :.o 
1982 1422 is2 16.45 10.05 223 1 2 3  5.83 
1983 1232 a62 14.20 1030 L68 1084 6.94 
1985 1L68 aa K96 u8 10.7s 7.7s 7A5 4.65 
1986 892 by 10.W Lo8 a i4  54.4 6 0 3 3 3 3  
1987 952 6.22 1- Lor as33 6.03 273 
1988 10.05 695 uoo a95 898 588 6 0 9 2 9 9  
1984 1272 9.02 1453 10.83 L81 1m a29 9.76 6.06 
0 
590 
930 
6.40 
730 
890 
9.00 
C.70 
6.40 
390 
3.00 
330 
330 
tim 
am 
zm 
5yr.avg. lOS8 7.42 mo a.64 l23 9.m 654 7.n 3.95 336 
10yr.avg. 1L64 627 w 7.7s L47 10.40 sJ33 9D6 369 537 
Uyr-avg. lo66 4.10 KO3 6-08 137 931 336 szow ss5 
11 “Moody’s Public Utility Manual.- Moody’s Investors Service. 198% and U S  Statistical Abstran 
The US. Treasury bond rate is used as a discount rate to compare the 
present values of the total 40 year costs of the three alternatives: 
The short-term US. Government security rate (six month treasury bills) is 
used as the rate at which the plant replacement fund earns interest since the funds 
must be liquid and accessed quickly if needed. 
- PRO URANCE 
Determining the cost of ins g the geothermal project is difficult since the 
hazards present a unique situation, and while anything is insurable the question is 
at what cost? The two most likely causes of damage to the power plants and well 
fields are lava flows and ground subsid e, while sea-floor earthquakes would be 
Project Hazard As 
damage to the underse 
uld cost to insure the power plants and their 
resentatives: were ccnracted ;it the Fred S. 
James Company, an insurance bookerage firm in Seattle d Los Angeles. They 
said that perhaps Lloyds of London or AIG would be the type of company that 
could handle a venture as large as the geothermal project but, without much more 
information on the specifics of the project (i.e hazard frequency and intensity, 
ation, plant construction details, specific in-place’ mitigation procedures), 
no accurate estimate of project insurance cost could be made or even attempted 
offering insurance against th 
. . ground subsidence, etc.). 
Phone conversation with John Eldridge, Federal Emergency Management Agency, 
San Francisco, California, February, 1989. 
43 
flood frequency, intensity and the location of the structure in relation to the 
maximum height of the flood waters. Some rates for worst case flood scenarios are 
shows in Table l3). 
Table l3 
100 YR FLOOD 
Location of Floor Level 
Below Maximum Height 
Of Floodwater 
$265 
The highest rate quoted was $6.60 per $lo0 value for structures at the lowest 
level below maximum floodwater, while the lowest rate was l2e per $100 value if 
the lowest level of the structure was built three feet above the maximum height of 
the floodwater. 
Since lava flows are much more destructive than floodwaters and can easily 
reach thicknesses of ten feet or more,’ mitigation against them is costly and at best 
uncertain (see Geothermal Project Hazard Assessment section), it is iikeiy that 
insurance costs to protect against them would be at least at the $6.60 total 
destruction level for a 100 year frequency event. 
If this rate ($660 per $100 vaiue) is applied to the entire value of a 25 MW 
power plant whose replacement cost is between $lo0 million and S30 million (our 
low and high planvwell field development costs as generated in the CENTPLANT 
model) the annual insurance cost would be between $7J and $86 million per 25 MW 
plant or between $142 miilion and $172 million dollars for the entire project (twenty 
25 MW plant/wellfieid sites) at full development. At  this rate the cost of insurance 
Over the life of the project easily exceeds the cost of replacing all the plants anu 
facilities. Clearly, this would not be the preferred option. 
- I/ Volcunism I n  Howoii, Chapter 22, U S  Geological Survey Professional Paper 1350,1986. 
c a 
The only other option open is self-insurance, or -absorbing the losses 
uld-have to pay for the 
area containing 
hazards identical to one that had just been destroyed by lava flows or ground 
subsidence. Bond buyers and insurers would probably be a bit more skeptical of 
‘the safety of their investment the second time around and would probably require 
an even higher interest rate to cover their risk than the initial offering which was 
a higher risk bond to begin with. 
If it proved diffic 
internally. If the self-in 
to not.only make good 
~ sell bonds to finance a 
/ immediate replacement quite difficult to 
issue bonds at a reasonable rate, money would have 
o be available from so _en to insure 
the reserve capacity of levels for a long 
period of time. Output from existing geothermal plants could not simply be 
increased to replace the lost power since the geothermal plants would already be 
operating at their maximum output capacity. The replacemrrtt power would have 
o come from somewhere else, and it would have to come quickly because 
remain below criti 
2 , 
(1400 MW) would be available for the 
hanale peak h a s  ana cmergenq 
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Table 14 
GENEXATING CAPACIlY AND RESERVE 
I Capacity Relationships 
~ ~~ ~~ ~ ~~~~ ~~ 
Total Capacity (MW) 2000 1950 1900 1850 
Peak (MW) 1400 1400 1400 1400 
Reserve Capacity (MW) 600 550 ux) 450 
. Reserve Margin W O  28% 26% 24% 
MW Loss 0 50 100 150 
MW/Plant - 25 25 25 25 
# Plants 0 2 4 6 
M$/Plant Low 107.79 107.79 107.79 
MWlant High 129.40 129.40 129.40 
MS Total Capital Low 21558 43l.16 646.74 
MS Total Capital High 25880 517.60 776.40 
Either insurance, self-insurance or some combination of the two will require 
immense sums of money and presents a formidable obstacle in terms of costs to be 
shouldered by ratepayers. In the analysis a worst case scenario is assumed and 
bonds cannot be sold to finance replacement power plants. A replacement plant 
fund is established beginning in year three to insure that money is available to 
replace one-Salf the power plants and one-third the cable system exposed to 
geolosic hazards. The fund is increased accordingly as plants come on line until 
full development is reached in the twenty-first year. The money is then expended 
to replace power plants and transmission facilities lost in years 22,30,34 and 35. In 
the 25 MW scenario eight plants are lost, two in each year, while in the 50 MW 
scenario four plants are lost. Since the bonds initially issued are insured, remaining 
bond payments on each plan eliminated as the plants are lost. In addition, the 
fund earns interest but since it must be reasonably liquid and cannot be tied up in 
long-term investments it darns interest at a rate equal to short-term US. 
Government securities (six month Treasury bills). 
, .  This risk lcvel is based on thc ::!;h I:vei c * i '  *.:riccrI:intv i2 prcdic:in: 
volcanic activity in the development area as described in the US.GS. report cited 
in the earlier chapter on geologic hazards. The report describes the prediction of 
volcanic activity and lava coverage as follows: 
"Based on historical records, about 5-10 percent of Kilauea and Mauna Loa 
could be covered during any %year period Although wide fluctuations can 
be expected in eruptive rates from one decade to another, the overall rates 
likely wiil remain about the same. It is not possible. however. to predict 
where the next eruptive centers will be, how frequent or copious eruptions 
will be in a specific'area, or which specific areas will be covered by lava. 
The volcanic activity along Kilauea's east rift zone in historical time 
illustrates a difficulty in using the short historical record to predict future 
activity in a specific area. Between 1800 and 1950, approximately 2 percent of 
the eastern flanks of the volcano had been covered by lava from the east rift 
zone. In 1950, the probability based on these figures that a site in that region 
would be covered would have been O.Ol3 percent per year. However, between 
1950 and 1975 about 8 percent of Kilauea's east flank was covered by lava, and 
so the coverage in that interval was actually about 032 percent per year. 
Estimates of future coverage may be no more accurate." 

NEA - THE PRICE OF RESIDUAL FUEL OIL 
Determining future world oil prices is use it depends greatly 
on the level of world oil production, future 6il exploration and discovery, and 
market responses mand, substitution etc) to oil prices over the long term. 
It is generally agree the'price of oil is crucial to 
Wall Street Journal article' 
till concern about OPEC 
will act to keep prices in 
the availability and price .o 
discussing petroleum use st 
domination of oil resources in the future, o 
check. The article puts 'it this way: 
. .  . .  1 -  
Some suggest this could set the stage for a return of tlie litical upheavals 
and price escalation of the 1970s. But others say leading members of OPEC 
such as Saudi Arabia are convinced that relatively low oil prices are in their 
best interests in the long term. They don't want to spur oil exploration in 
other areas-in the high-cost US, for example, where production has rapidly 
declined since the 1986 crash-or lose customers to alternate energy sources 
iikely to be launched on the next petroleum price spike. 
But relatively low oil prices will discourage investment iy research and 
develo2ment of alternate energy sources. That's because many potential 
alternatives, which might be competitive with 
on a cost basis with S1S a barrel oil. 
"In the short run, cheap oil keeps down natural gas a 
Horton, a managing director of British Petroleum Co. "In the longer run, 
0 
other energy sources: 
11 The Wall Street Journal Industry Focus, Petrol 
1989. 
ainrain Its Stature, March 1, 
21 The Gas Research Institute, '89 Policy Implications Of The GRI Baseline Projection Of 
US. Energy $upply And Demand To 2010. . 
49 
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"GRI's oil price projections have been changed over time in response to new 
information as the historical years have been added In retrospect, two major 
factors have continually been underestimated: 
0 On the supply side, the response of new non-OPEC 
supplies to high prices in the 1970s and the 
persistence of that supposedly high-cost 
production in the face of the more recent low 
price periods; and 
On the demand side, the dramatic reduction in the 
use of residual fuel oil in stationary energy 
applications, which was aided in the 1980s by a 
period of low energy demand growth 
(conservation) coupled with over investment in 
new nuclear and coal-fired electric power 
generating capacity." 
0 
While oil prices may increase from time to time, it is not likely they will 
increase beyond the point at which other energy sources become available and 
competitive. Based on the experience of the 1970~~ that point seems to be in the 
range of $40 to $50 per barreL 
The same Wall Street Journal article mentioned above go 
Petroleum prices today average between $14 and Sl8 a barrel, half the level of 
the early 1980s. The future direction is subject to debate. not surprisingly 
since a former consensus forecast of $80 oil bv now was off the mark. 
Generally, prices are expected to remain somewhat i13f ior 3 iew years ana 
then rise gradually. 
Many agree with the Petroleum Industry Research Foundation's energy 
economists who see prices averaging between $Is and $20 a barrel, h real 
terms, through the 1990s. "We don't see a $25 or $40 world nor a $10 world, but 
we could still have violent swings," says Lawrence Goldstein, the foundation's 
executive vice president 
The type of fuel oil used in the plants in the analysis is. residual fuel oiL 
This is the heavier oil that remains after the distillate fuel oils and lighter 
hvdrocarbons are distilled away in rcfinerv gcnerntion. Cince the ?rice of residual 
fuel oil and crude oil are very close on the world market (Figure lo), the report 
assumes they are equivalent. 
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Figures ll, E, U, and 14 show crude oil price projections from 
I 
I 
I 
I 
Figure &The U.S. Department of Energy. 
Figure 32-The Canadian Energy Research Institute 
Figure 13-The Gas Research Institute ' 
Figure 14-The Northwest Power Planning Council 
four different 
Table 15 shows the projections in tabular form. 
Table 15 
OIL PRICE FORECASTS 
(1990 $1 
YS Dtwrtrnent of Energy Gas Research Institute 
LOW &h LOW Hioh 
1990 14399 1999 1990 1737 20.63 
1995 1489 2696 1995 la.46 n7l 
uK#) 2061 329 UMO 20.63 23.88 
2o(H 2488 43.62 2OOS 27.14 30.40 
2010 2696 4934 2010 33.6s 36s  
Canadian Enem Research Institute Vnrthwcsl Power Phnnine Council 
L O W  High L O W  High 
199s 1737 28.23 199s 2063 2931 
1990 1086 2280 1990 1737 2 ~ n  
t o o o 2 6 1 ) 6  33.65 zoo0 2280 33.6s 
2005 3 2 n  -7 2005 2334 4239 
2010 3800 4668 mi0 u ~ 8  45.60 
ArrrPee 
LOW High 
rn w 2- 
1995 1783 2 6 s  
2oM) 2u2 3L62 
uxl5 2698 39.u 
2010 30.62 44.63 
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The highest high price projection is from the U.S. Department of Energy at 
9934 per barrel in 2010. The lowest low price if from the Northwest Power 
Planning Council at $23.88 per barrel in 2010. The average of the four sets of 
projections is $30.62 on the low end and $44.63 on the high end in 2010. 

i s 
In this analysis the cost of generating 500 net MW of electricity from the 
three different sources described earlier is compared 
Generation sources 
Alternative #l 
Alternative #2 
5 - 100 net MW oil-fired power 
Alternative f 3  
5 - 100 net MW solar/oil-fired power plants 
Alternatives 2 and 3 are also comp 
\ 
The following four scenarios detail the costs of the three generating options 
25 MW power plants at the low plant cost; 
the high plant cosq Scenario 3 uses 50 MW 
used in the analysis Scenario 
Scenario 2 uses 25 MW power p 
the low plant costs; and Scen 
Capital costs us eject Cost sections Interest 
rates, insurance, and oil prices are also described in earlier sections. Other costs 
describes the scenario being compare 
59 
GEOTHE RMAL POWER GENERATION c ont’d 
Electricity Produced Is the amount of electricity produced in loo0 MWh assuming the 
plants operate at 80% capacity (80% oi the time). 
Geothermal Plants (M$) Costs of the plants shown in million dollars 
Capital 
Replacement Wells 
O&M 
The annual capital costs of the power plants using Baa bond rates. 
See section NEA - Project Interest Rates. 
The annual cost to replace or rework production wells. 
The annual O&M costs of the power plants. (CENTPLANT Generated.) 
Royalty 
Rent 
An assessment made by the state on geothermal power production. We 
assumed an assessment of 1Wo on gross power sales after the 8th year 
of production. 
Rent paid to the state in the amount of 4% of gross power sales. 
Plant Replacement 
Fund lost to geologic hazards. 
Is the fund set aside in lieu of insurance to replace power plants 
Cable and Facilities (M$) 
Capital The annual capital costs of the overland and undersea cable systems 
using Baa bond rates. 
O&M The estimated annual O&M costs of the cable systems. (NEA estimate.) 
Administrative 
Expenses Industries, Inc. Annual Report. 
Based on administrative costs per K\Yh found ic ti3waii3n EIectnc 
cost Total annual. project costs. 
With Profit Total annual project costs with 8% profit calcul 
Electric Industries, Inc Annual Report. Profit is calculated as a 
percent of annual costs. 
d from Hawaiian 
The second set of costs is in cents per kilowatt hour. 
RESIDUAL FUEL OIL POWER GENERATION 
<XI F x i i i t v  
Development 
Timetable (MW) 
Oil Price 
Is the ph3sing in of nil fircd ; w w c r  :-!.inn. [’ne :i’O l!W r!Jnt 
is brought on line every 5 years. 500 blW is on line’by the end 
for a barrel of residual fuel oil. See 
section NEA - The Price of Residual Fuel Oil. 
60 
. .  
PESTDUAL FUEL OIL POWER GENERATION cont’d 
Electricity Produced 
Oil Consumed 
Is the amount of electricity produced in lo00 MWh assuming 
the plants operate at W o  capacity (809% of the time) 
The amount of oil in million barrels it takes to produce the 
electricity in the line just above. We used a fuel conversion 
efficiency factor of 35%. 
The annual capital costs of the power plants using Aaa bond rates. 
The annual O&M costs of the power plants. (Northwest Power Planning 
Council estimate.) 
The annual fuel costs of the power plants (oil consumed times oil 
price). 
Administrative Basea on similar costs per kWh found in Hawaiian Electric 
Expenses Industries. Inc. Annual Report. 
Capital 
O&M 
Fuel 
cost Total annual project cost 
With Profit Total annual project cost with 8% profit. Profit is calculated as a 
percent of annual costs based on Hawaiian Electric Industries, Inc. 
Annual Report. 
- 
The second set of costs is in cents per kilowatt hour. 
SOLARRESIDUAL FUEL OIL POWER GENERATION 
Solar Facilitv 
Development 
Timetable (MW) 
Electricity Produced 
Solar Produced 
Electricity 
Oil Price 
’1 
Is the phasing in oi oil fired power plants. h e  3 Sl!V Fianrs 
is brought on line every 5 years. SO0 MW is on line by the end 
of the 2lst year. 
Is the amount of electricity produced in loo0 MWh assuming 
the plants operate at 80% capacity (8oo/c of the time) 
Is the amount of electricity produced in loo0 MWh by the solar 
generation portion of the facility. 
Is the price paid for a barrel of residual fuel oil. See section 
NEA - The Price of Residual Fuel Oil 
Is the amount of electricity produced in loo0 MWh by the oil 
:eneration portion t > i  thc i:icility. 
The amount of oil in million barrels it takes to produce the 
electricity in the line just above. We used a fuel conversion 
efficiency factor of 35%. 
The annual capital costs of the power plants using Aaa bond rates. 
Oil Produced 
Zlcctricitv 
Oil Consumed 
Capital 
61 

L 1 
SCENARIO 1 I 
, ' 25 MW power plants using 
low plant/wellfield costs and a 
- 30% contingency 
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1114 lSt1 1114 1154 1114 31t4 3154 1111 1111 I111 15t4 IIt4 1111 
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11.1 11.1 11.1 
14.9 11.9 11.1 
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111.5 
SI,1 
13.1 
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14.4 54.1 51.1 54.1 51.1 S4.1 S4.1 14.1 
81.1 11.1 13.1 11.1 11.1 11.1 11.1 13.1 
11.4 24.1 11.9 14.1 16.5 14 .5  36.5 26.1 
11.1 9.9 1.1 9.9 11.6 11.1 11.6 11.6 
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15.1 15.3 45.1 
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L J  
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1.44 4.41 1.N 1.0 @.It #.#I 1.11 1.11 1.11 1.81 1.11 1.11 
1.11 1.15 #.(I t.1I 1.14 1.15 1.15 1.15 1.11 1.14 1.14 1.14 
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SOLAR/RESIDUAL FUEL OIL POWER GENERATION cont’d 
O&M The annual O&M costs of the power plants. (Northwest Power Planning 
Council estimate.) 
Fuel The annual fuel costs of the power piants (oil consumed times oil price) 
Administrative 
Expenses Inc Annual Report. 
cost 
With Profit 
Based on similar costs per kWh found in Hawaiian Electric Industries, 
Total annual project cost. . 
Total annual project cost with 8% profit. Profit is calculated as 
a percent of annual costs based on Hawaiian Electric Industries, Inc, 
Annual Report. 
. 
The second set of costs is in cents per kilowatt hour. 
Tables 16,17,18, and 19 compare the costs of the three generation alternatives 
under 25 MW and 50 MW geothermal options with low and high plant/wellfield 
cost estimates using a 20% contingency for all three generation alternatives. 
With 25 MW plants the cost of geothermal is between l.9 and 2 3  times more 
costly than the oil generation option. With 50 MW plants, generation is l.7 to 20 
times as costly as oiL When compared to solar/oil, geothermal is L2 to L7 times as 
costly. 
Table 20 shows the levels of rate increases that would have to be achieved to 
cover the cost of adding 500 MW of power generating capacity to the system over a 
40 year period With royalties paid to the state, rates per kWh could be expected 
to increase on average by 17% (50 MW low) to 3U% (25 MW high) if the geothermal 
option is taken while a rate increase of 10% for oil and 17% for solar/oil could be 
expected. 
Tables 21, 22, 23, and 24 compare the costs of the three generation 
alternatives using a 30% contingency for geothermal and 20% for oil and solar/oiL 
Table 25 shows the levels of rate increases with the 30% contingency level. 
86 
Table 16 
25NETMw Y TABLE 
LOW GEOTHERMAL COSTS 
20% CONTINGENCY 
(WOO MWh Produced) lot791 981l2 9su2 
Total Oil Consumed (M bbl) 0 106 152 
WO solar \ 
7wo oil 
BS Development Cost 3.6 05 
BS 40 Yr. Cumulative Cost l2.l 1 86 
4.9 3.6 27 B$ NPV 
Cost Ratio (solar/oil = LO) 
Levclired Cents/kWh 
Cost Ratio (oil = 10) ts5 E 7  LOO 
Table 17 
5 NET MW SUMMARY TABLE 
1 
WO solar 
. Total Oil Consumed (M bbl) 
BS Development Cost 
87 
8 I 
Table 18 
50 NET MW SUMMARY TABLE 
LOW- GEOTHERMAL COSTS 
20% CONTINGENCY 
Geothermal Soiar/Oii Oil 
(LOO0 MWh Produced) sasu 98112 98112 
Total Oil Consumed (M bbl) 0 106 152 
WO solar 
70% oil 
BS Development Cost 3.4 2l 05 
BS 40 Yr. Cumulative Cost 108 10.6 86 
BS NPV 45 3.6 27 
Cost Ratio (oil = LO) L68 u 7  LOO 
Cost Ratio (solar/oil = LO) I 3  LOO d.73 
Levelized Cents/kWh 10.97 10.81 a73 
Table 19 
50 NET MW SUMMARY TABLE 
HIGH GEOTHERMAL COSTS 
20% CONTINGENCY 
Geothermal colar:Oil Oil 
MWh Produced) 988u 98112 98112 
Total Oil Consumed (M bbl) 0 106 152 
30% solar 
~ W O  oil
BS Development Cost 4.0 21 05 
B$40 Yr. Cumulative Cost u.4 10.6 86 
B$ NPV 5.4 3.6 27 
Cost Ratio (solar/oil = LO) L49 Loo 0.73 
Cost Ratio (oil = LO) 203 u 7  . - Loo 
Levelized Cents/kWh 1359 10.81 873 - 

Solar/Oil Oil Geothermal 
(LOO0 MWh Produced) 101791 9 W  say12 WO solar 
~ W O  oil
0 106 ls2 
3.9 21 05 
127 10.6 86 
52 3.6 27 
L95 '37 l oo  
L42 LOO 0.73 
2 . 4 6  10s 873 
Total Oil Consumed (M bbl) 
BS Development Cost 
B$40 Yr. Cumulative Cost 
BS NPV I _  
Cost Ratio (oil = LO) 
Cost Ratio (solarloil = LO) 
Levelized CentsIkWh 
Table 22 
25 NET M W  SUMMARY TABLE 
HIGH GEOTHERMAL COSTS 
W o  CONTINGENCY 
Solart Oil dii Geothermal 
(LOO0 MWh Produced) lot791 981= ssu2 WO solar 
7wo oil 
0 106 152 
4.6 2.l 05 
ls.7 10.6 86 
6.3 3.6 27 
LOO 
L73 LOO 0.73 
15/43 ?r).Sl a73 
Total Oil Consumed (M bbl) 
BS Development Cost 
BS 40 Yr. Cumulative Cost 
Bs NPV 
Cost Ratio (solar/oil = LO) 
Levclized Ccnts/kWh 
- Cost Ratio (oil = LO) 236 u7 ' .  
E c 
Table 23 
50 NET MW SUMMARY TABLE 
LOW GEOTHERMAL COSTS 
30% CONTINGENCY 
(ZOO0 MWh Produced) - 9w.3 98112 98112 
Total Oil Consumed (M bbl) 0 _. 106 152 
BS Development Cost 3.6 21 05 I 
30% solar 
70% oil 
BS A0 Yr. Cumulative Cost ' . 114 10.6 86 . 
BS NPV 4.7 3.6 2.7 
Cost Ratio (oil = LO) 176 i3 io0 
Cost Ratio (solar/oil = LO) l29 LOO 0.73 
Levelized Cents/kWh 1149 1O.a 873 
Geothermal SoIar/Oil Oil 
(lo00 MWh Produced) 
BS Development Cost 
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g Hawaii's future electrical 
of electricity conserved is one less megawatt that 
Utilities all across the country are beginning to see 
s a resource much less costly than the addition of new generating 
n energy appearing in The Nation's Buriness, February 1990 
needs to be generated 
states: 
Experts say that 
as insulation. rec 
consumption by 
they add through broader application in business and industry of new 
technologies such as high-efficiency lighting, automatic controls, heat pumps, 
adjustable-speed d 
s, which see programs 
to reduce demand as attractive alternatives to building more plants or buying 
electricity from independent producers. Financial incentives are available in 
many areas to business and individual users who agree to install energy- 
or "lowering your 
standard of living" as critics like to contend..& means being s m m .  i t  means being 
measures that enable residential and commercial buildings, appliances, and 
industrial and irrigation processes to use energy efficiently. 
11 1989 Supplentcnt To The 1986 Nonhwest Consmation and Electric Power Plan, Volume 1, 
Northwest Power Planning Council, 1989. 
93 
Conservation is also a uniquely flexible resource. Some conservation 
programs automatically match growth in electrical demand Such is the case 
when new buildings are mandated by code to be energy-efficient. Each new 
building adds load to the electrical system. but can also save energy if it is 
better insulated than current practice. Thus. i i  the economy grows :ripidly, 
the conservation resource expands quickly; but if the economy slows, the 
conservation resource automatically tracks the more slowly growing loads. 
Conservation can also be developed more quickly than generating resources 
when more electricity is required 
In other regions besides the Pacific Northwest conservation is being taken 
quite seriously by states and utilities. In New England the New England Electric 
System in partnership with the Conservation Law Foundation has begun a $665 
million dollar per year energy conservation program? 
In California the California Energy Commission is writing and revising 
The Commission also forecasts 
ower plants, and 
California's building and appliance standards. 
energy supply and'demand, approves or denies the need for ne 
reports to the Governor and Legislature on statewide energy use? 
The State of Hawaii faces the same problem as many of these other regions, 
whether to build more generating capacity or to become more efficient. The 500 
MW geothermal project will cost the state and its ratepayers an immense amount 
of money. Conservation and increased efficiency will cost much less and involve 
much less risk. Table 26 shows the cost per kWh of some simple conservation 
measures and the effect they can have on reducing energy demand. 
The 866 million kilowatt hours saved per year converts to about l23.6 annual 
megawatts of generating capacity (866 million + 8,760 + OS i l,W) This is about 
25% of the proposed 500 MW geothermal project. It consists of only five simple 
efficiency measures and costs an average of 3.0 cent per kWh. 
- 11 Energy Efficiency and Least Cost Planning: The Best Way To Save Money and Reduce 
Energy Use I n  Hawaii, Robert J. Mowris, January ll, 1990. (See Appendix D in this 
report.) 
SERVATION ME 
R-10 Water-Heater 
Heat-Pump 
1989 Best 
Mass- Produced 
Refrigerator 
Water Heater 650 2380 10 215 . 490 
Energy Use In Hawaii,” 
of adding 500 MW of geothermal, solar/oil, and oil fired generating capacity. 
Table 27 
Conservation . 
The cost of conservation is by far theJeast expensive of the five options. 
Geothermal is the most expensive being 3.6 to 5.1 times as costly as conservation, 
while solar/oil is 3.6 times as costly, and oil 29 times the cost of conservation. 
The conservation measures mentioned here are only a few of fhose 
available. Passive coolin ilding design, efficient air conditioning systems, waste 
at recycling and co-ge ion can all contribute to lowering energy demand and 
cost. Conservation in concert with an aggressive solar energy program can have a 
considerable impact on energy use. In Florida, like Hawaii, cooling is a major user 
of electricity. Passive solar design in new homes can, according to the Florida SoIar 
Energy Center,’ can cut costs in half: 
In Florida. energy consumption in new homes can be reduced by 50% through 
according to the Florida Solar Energy Center. Because an average home in 
Florida consumes l&OOO kWh/ycar, a $2,000 investment can save at  least 6,000 
kWh/year over an assumed Byear  life of the home. The cost of the 
conserved energy is about lJ cents/kWh (in constant dollars) compared with 
the average cost of electricity in Florida of 8 cents/kWh. The total 
investment can be recouped by savings o 
The designs that accomplish these savings include siting a new house facing 
north (for cooling), painting the house a light color, using light colored 
shingles or roofing, and installing attic radiant barriers, wall insulation, 
double pane windows with a reflective coating, and awnings. 
I passive cooling designs that add %2,,ooO to construction costs to typical homes, 
ergy bills in less than 5 years. 
And for existing homes: 
Increments of savings can also be achieved at low cost A recent estimate by 
Lawrence Berkeley Laboratory shows that planting trees in urban areas is a 
cheap way to save air conditioning power. By planting 3 trees around a 
house to shade an air conditioner, 750 to 2,,ooO kWh/year of electricity could 
be saved at a cost of 02 to 1 cent/kWh (assuming $Is to $75 per tree plus 
watering costs> 
The cost of conserved energy from low-E window glazing is currently 
MMBtu, and, as the market matures, the cost is estimated to drop to m B t u  
(When these windows saturate the market early in the next century they will 
savc cnercy cqriivnlent to one-sixth o f  :he mitnut of thc .\.I.Aa ztpeiine. :x 
over 300,O00 barrels ot oil per day.) 
u Power Surge. The Status and Near-Term Potential of Renewable Energy Technologies, by 
Nancy Rader. for the Public Citizen Critical Mass Energy Project, May 1989. 
% 
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And for both new and existing homes: 
The cost of energy saved over the 20-year life oi an active solar domesric hot 
water system is about 4 to 5 centdkWh. These systems can save from #70% 
of annual water heating costs. 
The performance of solar energy systems is continually improving along 
with their appearance, reIiability and cost. And they are becoming more and more 
competitive in the energy market place as Richard Balzhiser of the Electric Power 
Research Institute states in the previously mentioned article from Narions Business, 
February 1990. 
Solar energy could be an exception. Balrhiser says: 'I think solar and 
particularly photovoltaic technology [in which sunlight is converted to 
electricity] is one [area] where we'll see continual progress scientifically." 
Much of that progress is already here and readily available. 
The conservation option and the solar option are two extremely important 
ways by which Hawaii can reduce its future energy demand If these areas are 
explored and promoted with the same zeal as the geothermal project they hold the 
promise of even greater benefits with much less cost, risk, and public agitation. 
Hawaii should consider establishing a separate state goverxnenr zgecc!;. sirniix x 
the Northwest Power Planning Council and the California Energy Commission to 
examine all energy issues, needs and options and to actively develop and promote 
the most effective and least cost of them. The newly formed Hawaii Energy 
Coalition, a citizens group of planners and environmentalists, seems already 
headed in that direction. 
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ermal project e more costly and 
mulative cost 40 years in 1990 
$108 and $15.7 bi oiar/oiI is 90.6 billion and 
In terms of ne values (the cumulative costs 
ate over 40 years to indicate how much you would 
have to invest today t hieve the same end in 40 years) the geothermal project is 
between s45 and $63 n while solar/oil is $3.6 and oil is $27 billion. You would 
have to invest $0.9 to $27 billion more today in geothermal than solar/oil, and $E3 to 
33.6 billion more than oil to achieve the same beneiit over the 40 year anaiysis 
period Table 28 shows the annual cents per kWh increase over the estimated 
ge current rate ratepayers would have to pay to cover the costs of the various 
ration options if they were incorporated into the overall generating system. 
. 
Table 28 
VARIOUS GENERATION OPTIONS 
(centskWh) 
(Estimated 1990 Average Current Rate-7.JWkWh) 
INCREASE OVER CURRENT RATES FOR ~ 
Average Rate 
Increase Over 
Current Rates 
> 
Geothermal 30% Contingency U49 - 15.43 
- -  
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Ratepayers could annually pay more than thre times as much for 
geothermal generated power as for oil generated power, and twice as much as for 
solar/oil penerated power over their current rates. 
In spite of the fact that geothermal costs are high NEA considers this 
analysis to be conservative. Recent revelations at The Geysers i 
largest geothermal power production field in the world, 
running out of steam and that billions of dollars may 
urn of events. This from the Oakland Tribune, Novem 
The world's largest geothermal-power producing field, The Geysers near 
Clear Lake, is running out of steam. 
To the astonishment of most geoiogical experts. the steam that has powered 
$2 billion worth of nearly new power plants is declining sh'arpiy, and 
electrical output is dropping. 
Over the past two years, steam pressure has dropped 20 percent; some experts 
now predict it will be down by half by the end of the century. 
This caught all of the geological experts by surprise," Charles Imbrecht, 
Chairman of the California Energy Commission, said last week. 
We're taking it very, very seriously. There is several billion dollars' worth of 
investment in The Geysers," Imbrecht said 
The Geysers is the most studied geothermal reservoir in the world ana the 
most developed, yet the predictions and theories concerning its energy capacity and 
potential are falling far short of expectations as the Oakland Tribune article goes 
on to state: 
Since oil and gas companies operate The Geysers steam wells, their officials 
are especially worried Tom Sparks, a geothermal expert with Unocal Corp, 
the largest Geysers developer, said, "No one foresaw this happening. 
"We had thought there was a steady boiling mechanism 15 miles down, but 
that theory isn't working," Sparks said." 
If Geysers Foiling, Billions of Dollars May Be Loa. By Steven H. Heimoff, The Tribune, 
Oakland, California, November 5,1989. 
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he owners and inv 
f recent events: * 
at The 'Geysers now rethinking their position 
utility customers as w s investors have a stake in The Geysers. 
Geothermal power is cheap because is uses free steam and a simple 
will be used and The Geysers idle power pla 
Pacific Gas and Electri 
plants, has cancelled plans t 
If 'this could happen at The Geysers, an area which has been studied so 
encrating system, if it peters out electricity from more expensive sources 
ill have to be paid off. 
region with 19 power 
sily happen in Hawaii where the reso 
little by comparison 
xperts in California now feel that the original resource was 
hat too much steam is being withdrawn too quickly. Again, 
from the Oakland Tribune article: 
"Geothermal power is a depletab 
would decline." said Unocal spok 
"Many of the pla 
known that the field 
Os" energy commission 
rmation officer Claudia Barker said. They  should hav 
oted. they may last half rhat long." 
t the reasons for the shortfall, but most feel th 
ore limited than originally 
ociation, a consortium of municipal 
e State Energy Commission on Sept. 21 
Experts can only 
any plants are tapping a 
expected life of the project at 1ooo/c replacement. -If, as is the case at The Geysers, 
the resource rapidly becomes dep ed and the wells fail sooner than expected 
wells will have to be sunk ce the lost energy. At  200% 
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replacement the number of production wells could be between 450 and 600 over the 
expected life of the project. This large number of wells may easily overtap the 
reservoir. 
For sake of continuity our analysis assumes that wellfield production will be 
adequate to maintain 500 net MW of output throughout the analysis period In 
reality, however, this may not be the case and costs will rise accordingly. (See 
Appeodix E for project costs at 200% well replacement.) 
The extent and potential of the geothermal reservoir on Hawaii is unknown. 
For the most part it is being assumed that the 500 MW.(600 M W  gross) of energy is 
there and will be available for the long term. But according to testimony given in 
1982 by Robert Decker, Scientist-in-Charge of the V.S. Geoloeical Surveys' 
Hawaiian Volcano Observatory? 
Any electrical power extraction from the Kahaule'a section of the east rift of 
Kilauea in excess of about 5 MW will not be replenished by new thermal 
power from the volcano and will probably deplete the geothermal resource. 
The simple fact is the experts do not know how large the geothermal 
resource in Hawaii is or much energy can be extracted or at what rate before 
depletion occurs. Until this is known, rushing headlong into an incredibly costly 
500 MW development project makes little economic sense. especially when other 
alternatives like conservation, solar, and improving existing eiiiciencxes aie 
available at far less cost The geothermal project is being touted as a means of 
putting an end to Hawaii's energy problems when in reality it could be just the 
beginning of them. 
If the state of Hawaii is really concerned about its Iong-t energy needs it 
should begin by looking at what an aggressive ene conservation and energy 
efficiency program can do about reducing energy d nd, and,then examine its 
least cost generation options. A single massive energy project is not the answer for 
the  long run. because in the lone-run survival does not necessarily po to the biegest 
or strongest, most often but to the smartest, most adaptable and most efficient 
users of resources. 
1f Energy Efficiency and Lcan Cost Planning: The Best Way To Save Money and Reduce 
Energy Use I n  Hawaii, Robert J. Mowris, January 11,1990, (see Appendix D). 
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APPENDIX C 
CRITICISM, REVIEW AND COMMENTS ON THE 
FEBRUARY. 1988 
DECISION ANALYSTS HAWAII, INC. REPORT 

Comments concerning the February 1988 Hawaii Department of Business 
and Economic Development Economic Feasibility Analysis regarding the proposed 
Hawaii Geothermal Project. 
(On resource quality) 
A high temperature resource is not necessarily a high quality 
resourcc Hawaii has a high temperature resource but its 
quality is as yet unproven. Problems with seawater intrusion, 
silica and mineral content, unknown long-term production 
capability, and inherent development dangers reduce the quality 
Pg P-1 
(last 
paragraph) 
~ potential considerably. 
(On overall system planning) 
To say the inclusion of Maui in the system would have no effect 
on its economic feasibility is unsubstantiated Experience in 
the Pacific Northwest has shown interties can be difficult and 
expensive if not considered early in the system planning 
process. 
(On who benefits) 
Apparently all the geothermal power will to go Oahu Does the 
P3 ES-2 
(first 
paragraph) 
Pg ES-2 
(third Big Island get nothing? 
paragraph) 
Pg ES-3 
(mid-page 
table) 
Pg ES-7 
(second 
paragraph) 
(On plant sizing) 
To produce 500 net MW of power, plants must be sized to allow 
for approximately 10% loss in generation and transmission. 
(On development schedules) 
Realistically, geothermal companies would develop the resource 
in stages since it can be so v a n a ~ l e  and costly. Full m a  
rapid development. in light of The Geysers experience, is not a 
logical approach. 
(On plant construction time) 
The report indicates it is conservative in terms of size of 
plants and pace of development but states its plants will be 
built in half the time or less than construction time estimates 
by Stone &>Webster Engineers of Denver, Colorado who are well 
experienced at design and construction. 
Pg 1-2 
(last 
paragraph) 
Pg IV-3 
(first 
piragraph) 
(On steam gathering system costs) 
Bechtel figures for a steamgathering system is closer 
to $7 million. 
Pg IV-3 
(powerplant 
section) 
Pg IV4 
(second 
paragraph) 
Pg IV-4 
(last 
paragraph) 
Pg IV-5 I 
(second 
Pg IV-6 
(third 
paragraph) 
Pg IV4 
(sixth 
paragraph) 
Pg IV-9 
(fourth 
paragraph) 
Pg 1v-l2 
(first 
paragraph) 
(On power plant costs) 
Based on Oregon Department of Energy studies, actual cost per 
kilowatt is for 25 MW is between $l,tSOO and Sl.800. The 
SLlOOkW in the report ($27.734 million divided by 25 MW) is 
very low. 
(On well development) 
Ten months for well development is extremely optimistic. 
At 13 wells per plant it allows less than one month per well. 
Six weeks seems more likely. 
(On well O&M costs) 
The $58,000 per well O&M cost is unsubstantiated and seems very 
low. Our own (Oregon Dept of Energy) estimates show a 
$8OO,OOO per well range for O&U 
Where is the contingency cost for undefined resource. A 
contingency i s  only logical given what little is known about 
(On locating the plants) 
Where are the maps showing v 
locations? 
(On insurance costs) 
Insurance would be extraordinarily high due to risks. 
The figure 03% seems low. 
(On financing) 
Twenty-four years is too long for 'financing. Seven years is 
more likely. 
(On risk to investors) 
Major sources of risk and uncertainty are not greatly reduced 
since the development scenario is not logically staged. 
activity and propose 
. .  
c 1 
Carl Freedman is a utility economist living in Hawaii. He currently serves 
as Vice President of Legal Affairs and Board Member of the Blue Ocean Society. 
He is formerly a member of the Oregon Environmenral Action Group 'Fcreicws 
On Board' and played an integral part in that groups examination and analysis of 
the proposed Pebble Springs Nuclear Facility. He has been a major participant and 
contributor in many comprehensive studies on conservation and alternate energy 
systems The following is his assessment and critique of the February 1988 Decision 
Analysts Hawaii, Inc report on the economic feasibility of the proposed Hawaii 
Geothermal and Cable Project. 
P * 
AN ASSESSMENT AND CRITIQUE 
BACKGROUN 
DEPARTMENT OF BUSINESS AND ECONOMIC DEVELOPMENT 
ECONOMIC FEASISILITY ANALYSIS 
REGARDING THE HAWAII GEOT~~RMAL/UND~RWATER C S L Z  PZOZZCT 
PREPARED BY CARL FREEDMAN 
12/4/89 
. -  
The State of Hawaii and the Hawaii Electric Company 
undertaking an aggressively accelerated program to develop 500 
megawatts of geothermal electrical generating capacity on the 
averland transm'ission system. rs transport t k e  generared.cnersy t3 
the island of Oahu. The Hawaii Department of Business and Economic 
Development (DBED) has en a lead role in the promotion of this 
. island of Hawaii in conjunction with a deep underwater and 
nterprise. 
DBED has commiss ed studies ch provide the ba 
conclusions that the geothermal/cable Project is economically 
feasible. A preliminary study was published in April of 1986: 
''Alternative Approaches to the Legal, Institutional and Financial 
Aspects of Developing an Inter-Island Electrical Transmission 
System,." prepared by Gerald A. Sumida et al. Subsequently, a 
study was commissioned to address economic concerns more 
specifically: "Undersea Cable to Transmit Geothermal-Generated 
Electrical Energy from the Island of ii to Oahu: Economic 
published in February, 1988. This latter study (DAH1 study) is the 
?easibility," prepared by Decision An ts :;=wail, ..)c 
r the projected capital costs of the geothermal/cable> 
of $ 1.7 billion. 
The Hawaiian Electric Company (HE ) issued Requests for 
Proposals .to pri te industrial Conso ia to  solicit proposed 
schemes to build finance and manage the othermal/cable Project. 
Four - or five con rtia have responded wit 
belng tev.iewed by HECO and a consulting f 
request for proposals was 
proposals which are 
m, A condition,in the 
n t i z ; r  (or entities,) The 
project owner would (according to DDED's interpretation) Sear all 
of the financial risks of project cost overruns or generation and 
trans m i Q s ion- E> r ob lem's or the pro,j&ct would be provided 
1 
by a contract with HECO, binding Heco to purchase power delivered 
by the project to Oahu. 
CONCERNS REGARDING PROJECT ECONOMICS AND FINANCING 
According to the best published hopes of DBED and KECO the 
geothermal/cable project could be built, financed and operated 
without costs or risks to ratepayers or taxpayers above what it , 
would cost to generate electrical energy with oil-fired 
facilities. Ignoring all of the environmental, social, 
archeological, health and aesthetic issues not addressed by 
current economic analyses, this would be a welcome reassurance to . 
residents of the state regarding the vulnerability of their 
pocketbooks. 
Careful analysis of the DAH1 study, however, indicates that 
the projected costs of building and financing the geothermal/cable 
;ro:ecr have been substantiaily cncersstfsate4 anc :n?reperl*-i 
compared to HECO's avoided costs (see discussion below.) This 
raises concerns over the cost impacts to Hawaiian residents which 
are potentially enormous. The details regarding how the proposals 
solicited by HECO will be assessed and the particular language and 
terms included in any subsequent-proposed contracts are of crucial 
importance. 
(1) Will the proposals solicited by HECO indicate project 
- .  
costs greater than HECO's avoided costs? If so, will the project 
still be considered by HECO? 
avoided costs by transferring financial risks to ratepayers, 
Taxpayers, or ctility stockholders ? 
( 2 )  Will the proposals solicited by HECO propose to meet 
(3) Will the proposals solicited by HECO incorporate low- 
ball bids in anticipation of later re-negotiation or litigation? 
. .  
Ostensibly, according to intended planned contractual 
arrangements, the ratepayers are to be insulated from costs 
exceeding HECO's avoided costs. Much previous experience with 
over-budget and non-functional electrical generation projects on 
the mainland has demonstrated that this promise may be a costly 
illusion. Corporations that have invested billions of dollars in a 
generating project in response to requests by the State of Hawaii 
and HECO are not going to absorb large cost overruns without 
Iitioating the matter tooth and nail in t h e  c3urt .s.  Cmtrac t s  
zrranged cin che casis proposed oy D X D  are n o t  iikeiy - -  Y  be 
enforceable. 
It is of paramount importance f o r  these reasons to insure that 
any contractual agreements made by HECO, the State of Hawaii, or 
project consortia be examined very carefully to insure that they 
are based upon sound and reasonable economic assumptions, or they 
may end up being economic disasters paid for by Hawaii's 
ratepayers and/or taxpayers. From an economic.point of view, the 
aroposed projects will only be successful if they are In fact, 
actually economically prudent, regardless of any contractual 
schemes or promises. 
, DBED'S economi 
geothermal/cable project are based upon the study.by Decision 
Analysts Hawaii,-Inc. published In February of 1988. 
The stuey assumes that t h e  cable and transmission system will 
be built and financed by one private corgorate l'venture" and thar 
the geothermal wells and generation- facilities will be built by 
another similar venture, perhaps under the ownership of a common 
larger corporation. Estimates are made of the costs gf building 
the various components of the geothermal/cable project based upon 
other'studies and by scaling costs from other projects. The study 
establishes schedules of year by year expenditures, revenues, and 
bond sales and payments. he schedules are discounted to present 
values and-are compared th estimates of present values of HECO's 
avoided fuel, operating and capital costs. By various indicators 
of venture profitability, break-even fue l  oil cost and cost to 
benefit ratics, the costs of the geothermal are evaluated as being 
ically feasible. 
dy is rigorous 1;s treatmenc \;1 cash flzws 
odologics, i akes some simple errors that 
onsequence to the outcome of its conclusions. 
0% availability factors for geothermal 
mission. No transmission losses are accounted 
for. Assumptions are made regarding financing methodologies that 
are inconsistent with conventional experience and would not in 
certain instances be legal without legislative actions. Real 
generation capital cost escalation i t  ignored Capital costs are 
in certain instances substantially underestimated. Certain methods 
of scaling generation plant capital costs are misapplied. 
CRITIQUE 
GENERATION AND TRANSMISSION AVAILABILITY 
The text of the DAHI study acknowledges that generation and 
transmission facilities will have some required maintenance and 
outage time. In the actual arithmetic of revenue calculations used 
in the study, however, no such adjustment is made. Revenues are 
calculated based upon 500 MW of power output for 8 7 6 0  hours Per 
year (100% availability.) The study states at one point in the 
text that each 25 MW geothermal generation plant will be built 
27.5 MW capacity to account f o r  maintenance time, however, no such 
adjustment was actually made to the capital cost or operating 
expenses used in the calculations, The calculations used in the 
study assume 100% availability and 100% capacity factors f o r  
geothermal, transmission and AC-DC conversion facilities. 
to 
There is no such r h i ~ g  in :he worit cf elecrrlcal zcwer 
generation as a plant operatiny at 100% availability. Planned 
maintenance and unplanned outages are inevitable. Transmission 
system outage percentages are typically quite small, but would be 
additive to generation outage times. A 90% overall availability 
would be very optimistic for a geothermal/cable system. This 
statistic is important because it directly and proportionately 
effects the amount of energy delivered by the geothermal/cable 
system and the revenues accrued by the geothermal/cable ventures. 
TRANSMISSION LOSSES 
The DAHI study compares t h e  costs of ceothernal generation on 
:he island of Eawaii to meet Gahu's neeCs w z t k  I;cai ,-enerarim tn 
Oahu. Although the study mentions in its text that revenue 
calculations are based upon delivered energy to Oahu (rather than 
generated energy) there is no accounting of transmission losses 
anywhere in the actual calculations of revenue or generation 
costs. Revenue is calculated based upon delivering 500 MW of power 
to Oahu 100% of the time, generated by 500 MW of capacity on 
Hawaii. Transmission losses directly and proportionately effect 
the amount of delivered energy and accrued revenues of the 
geothermal/cable venture. Transmission losses are typically at 
least 10% for a system like the one proposed in this project. 
ECONOMY OF SCALE CALCULATIONS 
The DAHI study estimates the costs of a series of twenry power 
plants of 25 MW capacity. The costs  for these plants are "scaled" 
from the documented costs of 12.5 MW plants. The conceat used in 
scaling is that a larger plant is cheaper per MW because of the 
economy of scale. A boiler twice as big costs less than twice as 
much. The formula used in the DAHI study is the 'l.6 power" rule 
which is commonly used -in scaling generation facility capital 
costs, According to-this formula a 25 MW plant costs 51.6% more 
than a 12.5 -MW plant. T pplfcation of 
scaling capital co 
The DAHI "study goes ever. It groups the 
power plants into clusters-of fours and reduces the costs of the 
second and forth plants in each group to 70% of the scaled cost 
and reduces the third plant to 80% of the scaled cost. The logic 
used is that the plants will be close enough together that they 
can share certain of their facilities and thus net cost savings. 
The net-capital costs for the network of generating facilities is 
reduced by this treatment of costs to an average of 80% of the 
previously scaled costs. This treatment is not conventional. It is 
especially -not appropriate in th instance because of other 
assumptions made in the analysis In the section o f ~ t h e  study that 
addresses risks due to geological hazards it is stressed that the 
plants are distributed widely to avoid damage to more than one 
zlant at a time due to lave flows, T h i s  is a very sensitive 
assumption .because it is the basis for conclusions made by the 
study that &there would be no loss in system net output and no loss 
in revenues due .to geologic hazards (a possible loss of one 
plant.) 
economies of scale 
scale the capita 
it uses to scale 
inappropriate. S -gathering equipmen 
. expensive per MW for a larger field than for a smaller one 
according to-a ; 6  power rule..If anything, much of the costs per 
MW increase as wellfield size increases because of the longer 
average distances between each well and t5e ?ewer ?:ant. .; smallt: 
power plant is.located in a smaller wellfield and is .co 
relatively close to the wells that supply it, As the size of a 
power'plant increases, the size of the wellfield dedicated to the 
plant increases and the average di tance of each well to the power 
dictates that the cost per MW for steam gathering piping increases 
as the size of the power plant increases. The DAH1 study 
erroneously makes the opposite assumption and calculates the cost 
of a 25 MW steam-gathering system by decreasinq the co 
of steam gathering equipment according to the .6 power 
the documented costs for 12.5 MW plant equipment. Furthermore, the 
assumption noted above that plants will be grouped in clusters of 
four closely-enough to benefit from economies 
Grouping the plants close enough to benefit from 
eration plant equipment 
lant increases, Steam-gathering piping casts increase as the 
verage distanc to the power plant increases. This principle 
- < - L h c r  .-.. y.l- ag'gr;ivat:e rhe Geed itrr quencly nor3 
m-gatherin 
WELLFIELD COSTS 
Perhaps the most sensitive single set of assumptions regarding 
the costs of the geothermal/cable venture are the estimates of the 
costs of drilling a productive wellfield. Approximately one third 
of the total project costs are In the wellfield. The ?rimary 
factor effecting wellfieid ccsts is the number of wells necessary 
to develop the required thermal energy for generation purposes. 
Some of the wells drilled would be productive. Some would be used 
for fluid re-injection. Some would be dry, or too hot or cool. 
Some would need to be replaced'over the life of the facility. The 
DAHI study assumes that 13 wells, plus eight replacement wells, 
will be required for each 25 MW plant. This equates to 
useable/non-useable ratio of 5:l. This ratio may be very 
optimistic for Hawaii geology. 
Although DBED and the DAHI study repeatedly state that 
geothermal resources are a proven and reliable resource, 
really very little experience in areas geologically similar to 
Uawaii (a live volcano.) Eawaii is a hot, and therefore a 
2orenriaiiy efficient resource, but tt is also a very young, 
active and potentially unstable geological region. The area of the 
world with the most similar geology that has operating experience 
with geothermal wells is Iceland. There the experience with 
geothermal electrical generation has not been good. The geology 
seems to be too active, effecting the success rates of the wells 
dramatically. The project there required 24 wells to be drilled to 
obtain 11 that were useable. It remains to be seen how many 
replacement wells will be necessary. Iceland experienced problems 
with wells "pinching off" rendering them unusable and did not 
attain the sustained power levels that were anticipated. The 
second unit of the planned two-unit geothermal generation facility 
there has been abandoned because of the wellfield problems and 
expenses. 
there is 
Without much experience with Hawaiian geology, predicting the 
productivity and success rate of wells is quite conjectural. The 
wellfield success rate assumed in the DAHI study is perhaps 
possible, but must certainly be categorized as-quite optimistic. 
These assumptions effect the certainty of any economic predictions 
dramatically. 
CAPITAL COST ESTIMATES 
The DAHI study is consistently optimistic about estimates of 
capital costs. The cost estimate for AC-DC conversion btations. 
for example, is s 7 2  million. According to current estimates from 
I 3 . C .  ;i.;dro, :?.e C S S ; ~  X O U ~ ~  k2 22.5t: -:2y ::< f;r eat,? s : ~ C L ~ Z ,  
totalling S 250 million. The DAHI cost estimate for the entire 
transmission system including the underwater cables, overhead 
lines, pumping stations and AC-DC conversion station is S 413.3 
million. 
6 
The geothermal/cable project incorporates several aspects of 
new unproven technologies in new untried areas of geological and 
- 
magnitude it is prudent f o r  planning purposes to include 
contingency costs to include-what Is more a probability than a 
possibility of project delays, technical problems and cost 
. geographical extremes.. Even in conventional projects of this 
.overruns. No such contingencies are considered by the study. 
REAL COST ESCALATION 
In order to calculate HECO's future a 
escalates the real cost of fuel oil according 
series of-estimates of future oil prices. The real escalation of 
fuel prices i s  substantial. (Real cost escalation is the increase 
over and above that .due to inflation.) These avoided fuel costs 
are compared directly with various costs of geothermal generation. 
The study does not make the appropriate analogous accounting of 
t h e  real t3st escalation 02 F1an-c cagiTal C = S ~ S .  
generation costs iire p r  rily .capi-,al costs. ) alstorical 
experience indicates th real plant capital costs escalate faster 
than real fuel prices during periods of real fuel price increases. 
Utility planners know, for example, that their older plants were 
less expensive to build than their newer plants, even An terms of 
real costs. (This may not b 
however.) Because the DAHI 
:S2otkeraal 
. 
n operating or fuel Costs, 
i differences in the treatment o 
P -  
I -  
FINANCING 
:he DAHI*stu 
will be financed 
(Industrial Deve 
corporate Pate. aintains that all 
financial risks 
be borne by thes 
' rates. The~geoth facat bonds at the Aaa 
Ource failure are to 
The assumption that the geothermal/cable venture can 
financed by bonds issued at such l o w  interest rates with such a 
comparative study of this nature. The costs of financing 
appreciably effect the profitability equation used in the DAHI 
study . 
. .  . . .  
: ~ ~ s t z z ~ i c l  ;Issumpti3a ;: : * : 5 ~  l?.spprC?~':ZCS, ~S2eC:Si-y 1: - 
SENSITIVITY ANALYSIS 
Throughout the DAHI study estimates and calculated numbers are 
associated with standard deviations to imply confidence-intervals 
around tke predicted statistics. This S Q l t  of analysis has its 
place in The laboratory, in demographics and perhaps around casino 
gambling tables. The use of confidence intervals in a study of 
this nature which is designed to be used by policy decision- 
makers is inappropriate and misleading. To a person familiar with 
statistics these numbers may be of some value, but to imply to a 
decision-maker who may rely on the study that the values ascribed 
to the confidence intervals are realistic indicators of the 
possibility of error of the study is ludicrous. 
Even from a purely statistical viewpoint the sensitivity 
analysis is misapplied. This type of analysis is only appropriate 
when all of the input parameters are truly independent of one 
another and are normally distributed. Neither of these conditions 
are met I n  a constrzction graject where delays in cne s o r t i o n  of 
the  project can effecr scheduling and C C S ~ S  of other porzions ana 
where the potential fo cost overruns exceed the margin of 
potential cost savings 
Furthermore, the sensitivity analysis only takes into account 
one particular type of error. It ignores the types of errors noted 
above, which are incremental, but when taken as a whole 
substantially effect the outcome of the analysis. The omission by 
the DAHI study of any consideration of transmission losses and 
availability factors effects the overall calculations in the cost 
comparison by at least 21%, and depending on actual achieved 
availability factors, perhaps by 46% or more. 
Approximate percentage impacts to the 2 X H I  s r ~ ~ d v  ?r~:ected 
costs are listed Seiow co give some idea of rhe inagnlnae cz t x ~ r  
importance. These numbers are not intended as correction factors 
to adjust the DAHI study results to draw more accurate 
conclusions. They are included here to demonstrate the sensitivity 
of the DAHI study to its own oversights and biases. All figures 
are percentages of .the total geothermal/cable project 
costs/revenues. 
The cumulative percentage statistics below are only for order- 
of-magnitude comparison purposes. The high-end statistics may 
include some double-counting as, for example, in the case of 
generation availability being improved by additional wellfield 
improvements. 
E Q 
GENERATION AND TRANSMISSION AVAILABILITY 10 - 30% 
TRANSMISSION LOSSES 10 - 12% 
6% 
6% 
CLUSTERING CAPITAL COST REDUCTIONS 
SCALIXG STEAM-GATHERING SYSTEM 
WELLFIELD COSTS - (AS IN ICELAND) 10 - 20% 
8% 
4% 
5 - 10% 
CONVERTER STATION ACTUAL COSTS ' 
CAPITAL COST ESCALATION 
FINANCING BOND RATES 
CUMULATIVE 7 6  - 143% 
These stacisiics indicate zkzt the DAH1 SiUdy includes errdrs 
and oversights that substantially effect the outcome of its 
conclusions, well in excess of the confidence intervals implied in 
its sensitivity analysis, 
CONCLUSIONS 
The proposed geothermal/cable project is a very large and 
expensive pruject with an enormous potential to impact the economy 
of the State of Hawaii. Currently existing economic analyses do 
not establish a sound basis f o r  confidence in the ultfsate c-st- 
effectiveness of the project. Yery careful scrurlr.y nus= =e Given 
to the details of proposed project bids and contractual 
arrangements to assure that financial risks and the costs of 
project failures or overruns will not be assumed by Hawaii's 
ratepayers or taxpayers or HECO's stockholders. 
' 
APPENDIX D 
* ROBERT J. MOWRIS REPORT 
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AN ASSESSMEN'I' AND CRITIQUE OF: 
DEPAItTMENT OF BUSINESS AND ECONOMIC 
DEYELOPMENT ECONOMIC FEASIIULI'IY ANALYSIS 
REGARDING "HE HAWAII 
GEOTITERMALfUNDERWATER CABLE PROJECT 
PREPARED BYCQRL FREEDMN 
12/4/89 
The State of Hawalf and the Hawafi Electric Company (HECO) are 
undertaking an aggressively accelerated program to develop 500 megawatts of 
geothermal electrical generating capacity on the island of Hawaii In conjunction with a 
deep underwater and overland transmlssfon system to transport the generated energy 
to the island of Oahu. The Hawafi Department of Business and Economic Development 
(DBED) has taken a lead role In the promotion of this enterprise. 
OBEO has commlssloned studies whlch provide the bask for Its concluslons 
Financial Aspects of System,." 
prepared by Gerald A' Sumida et 
address econorntc 
of Hawafl to Oahu: Economic 
According to DBED llterature the prolect would be financed, built and owned 
by a private corporate entlty (or entitles.) The project owner would (accordlng to 
DBED's Itrterpretatlon) bear all of the flnanclal risks of prolect cost overruns or 
generation and transrqisslon problems. Revenues for the project would be provided by 
a contract with HECO, blnding Heco to purchase power deflvered by the project to 
Oahu. 
According to the best pubfished hopes of OBED and HECO the 
geothermal/cable project could be built, flnanced .and operated without costs or risks 
to ratepayers or taxpayers above what It would cost to generate electrical energy with 
oil-fired facilltfes. Ignoring all of the environmental, soclal, archeologtca!, health and 
aesthetic Issues not addressed by current economfc anafyses, this would be a 
welcome reassurance to resf dents of the state regarding the vulnerablllty of their 
pocketbooks. # 
Careful analysls of the DAHf study, however, Indicates that the projected 
costs of building and financlng the geothermallcable project have been substantially 
underestlrnated and Improperly compared to HECO's avoided costs (see discusslon 
below.) Thb rakes conmrns o w  the cost Impacts to Hawaiian residents whIch are 
potentfaIly enormous. The details regarding how the proposals solicited by HECO will 
be 8ssessed and the particular language and terms Included In any subsequent 
proposed contracts are of crucial Importance. 
W 
. 
(i) Wlfl the proposals solicited by HECO Indicate propct costs greater than 
(2) WUI the proposals solkfted by HECO propose to meet avoided costs by 
(3) Will the proposals sollcitod by HECO Incorporate lowball bids In 
HECOs avolded costs? If so, wUI tho prom SUI be consldered by HECO? 
transferring flnancfal risks to ratepayers, taxpayers, or utility stockholders 7 
anticlpation of later re-negoti atJon or Iftlgation? 
Ostensibly, according to Intended planned contractual arrangements, the 
ratepayers are to be Insulated from costs exceedlng HECO's avolded costs. Much 
prevfous expeflence with over-budget and non-functional electrfcal generation proJects 
on the malnland has demonstrated that thb promise may be a costly llfuslon. 
Cotc>orations that have Invested bllllons of dollars In 8 generating project In response ,- 
W 
to requests by the State of Hawaii and HECO are not golng to absorb large cost 
overruns without lltlgating the matter tooth and nail In the courts. Contracts arranged 
on the bask proposed by OBED are not likely to be enfOrCeabf6. 
br 
It Is of paramount importance for these reasons to Insure that any contractual 
agreements mad6 by HECO, the State of Hawafi, of project consortla be examined 
very carefully to Insure that they are based upon sound and reasonable economlc 
assumptions, or they may end up being economfc disasters paid for by Hawaii's 
ratepayers and/or taxpayers. From an economlc pofnt of view, the proposed projects 
will only be successful If they are In fact, actually eCO~omlCafly prudent, regardless of 
any contractual schemes or promlses. 
Currently, DBED6 economic profections of the economics of the 
geothermal/cable project are based upon the study by Declslon Analysts Hawaii, Inc. 
published in February of 1988. ki 
The study assumes that the cable and transmlsslon system will be bullt and 
financed by one private corporate "venture" and that the geothermal wells and 
generation facllities will be built by another slmllar venture, perhaps under the 
ownershlp of a common larger mrporatlon. Estimates are made of the cosb of 
bulldlng the various components of the geothermal/cable project based upon other 
studles and by scaling cost8 from other proJects. The study establishes schedules of 
year by year expenditures, revenues, and bond sales and payments. The schedules 
are discounted to present values and are compared wlth estimates of present values 
of HECO's avoided fuel, operating and capltal costs. By vadous lndlcators of venture 
profltablllty, breakwen fuel 011 cost and cost to benefit ratlos, the costs of tile 
geothermal are evaluated as belng economlcaliy feasible. 
Though the study Is rlgorous in its treatment of cash flows and dlscounting 
methodologies, it makes some slmpfe errors that are of slgnlflcant consequence to the 
outcome of Its conclusions. The study assumes 100% availability factors for 
geothermal generation and transmlsslon. No transmission losses are accounted for. 
Assumptions are made regardlng financlng methodologies that are Inconslstent with 
conventional oxperlence and would not In certaln Instances be legal without loglsfattve 
actions. Real generatlon capital cost escalation is Ignored. Capltal costs are in certain 
G 
instances substantially underestimated. Certaln methods of scaling generation plant 
capital costs are misapplied. 
GENERATION AND TKANSMISSLON AVAILAIJIIA'L'Y 
The text of the DAHi study acknowledges that generation and transmission 
facilities will have some required maintenance and outage time. In the actual arithmetic 
of revenue calculations used In the study, however, no such adjustment Is made. 
Revenues are calculated based upon 500 MW of power output for 8760 hours per 
year (100% availabillty.) The study states at one point In the text that each 25 MW 
geothermal generatlon plant will be bullt to 27.5 MW capacity to account for 
maintenance time, however, no such adjustment was actually made to the capital cost 
or operating expenses used In the calculations: The calculations usod In the study 
assume 100% avaltabfllty and 100% capacity factors for geothermal, transmission and 
AC-DC conversion facilities. 
There is no such thing In the world of electrical power generation as a plant 
operating at 100% availabillty. Planned maintenancg and unplanned outages are 
inevitable. Transmlsslon system outage percentages are typically quite small, but 
would be additive to generation outage times. A 90% overall availability would be very 
optimistic for a geothermal/cable system. This statlstic Is Important because it dlrectly 
and proportionately effects the amount of energy delivered by the geothermal/cable 
system and the revenues accrued by the geothermal/cable ventures. 
W 
TRANSMISSION LDSSES 
lhe DAH1 study cornpares fhe costs of geotherrna! generatfan on the Island 
of Hawaii to meet Oahu's needs with local generation on Oahu. Although the study 
mentions In Its text that revenue calculations are based upon dellvored energy to Oahu 
(rather than generated energy) there Is no accounting of transmlssion losses 
anywhere in the actual calculations of revenue or generatlon costs. Revenue Is 
calcufated based upon delivering 500 MW of power to Oahu 100% of the tlrne, 
generated by 500 Mw of capacity on Hawaii. Transmisston losses directly and 
proportionately effect the amount of delivered energy and accrued revenues of the 
geothermal/cabIe venture. Transmlsslon tosses are typfcafly at least 10% for a system 
like the one proposed in this pmJect 
L, ECONOMY OF SCALE CAJXUM'I'IONS 
The DAH1 study estimates the costs of a serles of twenty power plants of 25 
MW capacity. The costs for these plants are "scaled" from the documented costs of 
12.5 MW plants. The concept used In scaling Is that a larger plant Is cheaper per MW 
because of the economy of scale. A boffer twice as big costs less than twice as much. 
The formula used In the DAH1 study Is the ".6 poweP rule which Is commonly used In 
scaling generatlon facility capital costs. According to thls formula a 25 MW plant costs 
51.6% more than a 12.5 MW plant. Thls is an appropriate application of scaling capltal 
costs. 
The DAH1 study goos further than this, however. It groups the power plants 
into clusters of fours and reduces the costs of the second and forth plants In each 
group to 70% of the scaled cost and reduces the thlrd plant to 80% of the scaled cost. 
The loglc used Is that the plants will be close enough together that they can share 
certain of thelr facilities and hus net cost savings. The net capital costs for the 
network of generating facilltles 13 reduced by thls treatment of costs to an average of 
80% of the previously scaled costs. Thls treatment Is not conventional. It is especlally 
not appropriate In this instance because of other assufiptions made In the analysls. In 
the section of the study that addresses risks due to geological hazards It Is stressed 
that the plants are distributed widely to avold damage to more than one plant at a Urn8 
due to lave flows. Thls is a very sensitive assumption because It Is the bask for 
conclusfons made by the study that there would be no loss In system net output and 
no loss In revenues due to geologic hazards (a possible loss of one plant.) Grouping 
the plants dose enough to benefit from economles of scale Is not conslstent wlth thls 
assumption. 
u 
Additionally, the DAH1 study USBS the same .6 power rule to scale the capital 
costs of wellfield steam-gatherlng equipment as It uses to scale generation ptant 
equipment Thls Is inappropriate. Steam-gatherlng equipment does not become less 
expenslve p e r  MW for a larger field than for a smaller one accordlng to a .6 power 
rule. If anything, much of the costs per Mw Increase as wellfield size Increases 
because of the longer average distances between each well and the power plant. A 
smaller power plant Is located In a smaller wellfield and Is consequently relatively close 
to the wells that supply It. As the size of a power plant Increases, the ske of the 
wellfield dedicated to the plant increases and the average distance of each well to the 
power plant increases. Steam-gatherlng plplng costs Increase as the average distance 
to the power plant Increases. This principle dictates that the cost per MW for steam 
galtierlng plplng as the size of the power plant Increases. The DAl.11 study 
erroneously makos tho opposite assumpUon and calculates thu cost of a 25 MW 
steam-gatherlng system by the costs p e r  MW of steam gathering 
equipment according to the .6 power rule from ffie documented costs for 12.5 MW 
plant equlpment. Furthermore, the assumption noted above that plants will be grouped 
in clusters of four closoly enough to benofit from economics of d e  would furtfior G 
bd aggravate the need for even longer and consequentiy more expenslve steam-gathering equipment. 
WELLFLELI) COSTS 
Perhaps the most sansftive sfngie set of assumptions regarding the costs of 
the geothermal/cable venture are the estimates of the casts of drilling a productive 
wellfield. Approximately ono third of the total project costs are in the wellfield. The 
prlmary factor effecting wellfield costs Is the number of wells necessary to devolop the 
required thermal energy for generation purposes. Some of the wells drilled would be 
productive. Some would be used for fluid re-Injection. Some would be dry, or too hot 
or mol. Some would need to be replaced over the llfe of the facility. The DAH1 study 
assumes that 13 wells, plus eight replacement wells, will be required for each 25 MW 
plant This equates to useabldnon-useable ratio of 5:l. This ratio may be very 
optlmlstlc for Hawair geology. 
Although OBEO and the DAH1 study repeatedly state that geothermal 
resources are a proven and reliable resource, there is really very little experience In 
areas geologlcally sfmifar to Hawaii (a live volcano.) kawaii fs a hot, and therefore a 
potentially efficient resource, but It Is also a very young, active and potentlally unstable 
geological reglon. The area of the world wlth the most stmllar geology that has 
operating experience wlth geothermal wells Is Iceland. There the experience wlth 
geothermal electrical generation has not been good. The geology seems to be too 
active, effecting the success rates of the wells dramatlcatly. The project there requlred 
24 wells to be drilled to obtain 11 that were useablo. It remains to be soen how many 
replacement w e b  will be necessary. Iceland experienced problems with wells 
"plnchlng off rendering them unusable and did not attain the sustained power levels 
that were antidpated. The second unit of tho planned two-unit geothermal generation 
facility there has been abandoned because of the wellfleld problems and expenses. 
Without much experience with Hawallan geology, predicting the productivity 
and success rate of wells is quite conjectural, The wellfield success rate assumed in 
the DAH1 study'k perhaps possible, but must certainly be categorized 8s quite 
optlmistlc. Those assumptlons effect the cerblnty of any economlc predfctions 
dramatically. 
W 
CAPITALCOST ESTIMAlKf 
The DAH1 study is consistently optimtstlc about estimates of capltal costs. 
The cost estimate for AC-DC conversion stations, for example, Is $ 72 mllffon. 
According to current estimates from 8.C. Hydro, the costs would be $250 per KW for 
each station, totalllng $ 250 million. The DAH1 cost estimate for the entlretransmfsslon G 
system Including the underwater cables, overhead lines, pumptng stations and AC-DC 
converston statlon is $ 413.3 milllon. 
b.l 
The goothermal/cable project Incorporates several aspects of new unproven 
technologies In new untried areas of geological and geographical extremes. Even in 
conventional pro/ects of thls magnltude It is prudent for planning purposes to Include 
contingency costs to Include what Is more a probability than a possibility of proJect 
delays, technlcal problems and cost overruns. No such contlngencles are considered 
by the study. 
REAL COST ESCALATION 
In order to calculate HECO's future avoided costs DAH1 escalates the real 
cost of fuel oil according to the average of a serles of estimates of future 011 prlces. 
The real escalation of fuel prices is substantial. (Real cost escalation Is the Increase 
over and above that due to Inflation.) These avolded fuel costs are compared directly 
with vartous costs of geothermal generation. The study does not make the appropriate 
analogous accounting of the real cost escalation of plant capital costs. (Geothermal 
generatlon costs are primarlty capital costs.) Historical experience indicates that real 
plant capital costs escalate faster than real fuel pricos during perlods of real fuel price 
Increases. Utility planners know, for example, that thelr older plants were less 
expenslve to build than thelr newer plants, even in terms of real costs. (This may not 
be true In operatlng or fuel costs, however.) Because the DAHJ study is comparative In 
nature, the differences In the treatment of cost escalatlon skew the results In favor of 
the geothermalhxible venture. 
u 
FINANCING 
The DAH1 study assumes that the cable and transrnlsslon system will be 
financed wlth Hawail Spedal Purpose Revenue Bonds (Industrtaf Development Bonds) 
at a rate .5% above municlpal bond rates. The geothermal venture Is assumed to float 
bonds at .5% above the Aaa corporate rate. At the same time the study malntalns that 
all flnanclal risks due to cost over-ruru or resource faliure are to be borne by these 
financing sources. These are clearly not realistic assumptions. 
The issuance of Hawaii Special Purpose Revenue Bonds for the cable profect 
would require special actlon by the Hawaii State Legislature. 
The assumption that the geothermal/cable venture can be flnanced by bonds 
Issued at such low interest rates with Such a substantlal assumption of risk is F-% u 
inappropriate. especially in a comparativt, study of thls nature. The costs of financing 
appreciably effect the profitability equation used In the DAH1 study. u 
SENSITIVlTY ANALYSIS 
Throughout the OAHi study estimates md calculated numbers are 
associated with standard devfations to imply confidence intervals around the predicted 
statistics. This sort of analysis has its place In the laboratory, in demographics and 
perhaps around casino gambling tables. The use of confidence intervals in a study of 
thls nature which is designed to be used by policy decision-makers is inappropriate 
and misleading. To a person familiar with statistics these numbers may be of some 
value, but to Imply to a decisfon-maker who may rely on the study that the values 
ascribed to the confidence Intervals are realistic indicators of the possibllity of error of 
the study is ludicrous. 
Even from a purely statlstlcat vlewpoint the sensitivity analysis Is mlsapplied. 
This type of analysis is only appropriate when all of the input parameters are truly 
Independent of one another and are normally distributed. Neither of these conditions 
are met In a construction prolect where delays In one portion of the prolect can effect 
scheduling and costs of other portlons and where the potential for cost overruns 
exceed the margin of potential cost savfngs. 
Furthermore, the sensitivity analysis only takes into account one particular 
type of error. It Ignores the types of errors noted above, which are incremental, but 
when taken as a whde substantially effect the outcome of the analysis. The omission 
by the DAH1 study of any conslderation of transmlsslon losses and availability factors 
effects the.overa1l calculations in the cost comparison by at least 21%. and depending 
on actual achieved avaflabillty factors, perhaps by 46% or more. 
Approximate percentage trnpacts to the DAH) study proJected costs are listed 
below to give some Idea of tho magnitude of their Importance. These numbers are not 
Intended as correction factors to adjust the DAH1 study results to draw more accurate 
conclusions. They are Included here to demonstrate the sensitivity of the DAH1 study 
to Its own oversights and biases. All flgures are percentages of the total 
geothermal/cable project costshovenues. 
The curnulathre percentage statlstlcs below are only for order-of-magnitude 
comparison purposes. The htah-end statistics may Include some double-counting as, 
for example, In the case of generation availability being improved by additional wel1field 
Improvements. 
W 
GENERATION/TRANSMISSION AVAllABlLllY 
TRANSMISSION LOSSES 
CLUSTERING CAPITAL COST REDUCTIONS 
SCALINGI STEAM-GATHERING SYSTEM 
WELLFIELD COSTS - (AS IN ICELAND) 
CONVERTER STATION ACTUAL COSTS 
CAPiTAL COST ESCALATION 
FINANCING BOND RATES 
CUMULATIVE 
d 
10 - 30% 
10 - 12% 
6% 
6% 
10 - 20% 
0% 
4% 
5 - 10% 
~~ 
76 - 143% 
These statlstics Indicate that the DAH1 study Includes errors and oversights 
that substantially effect the outcome of I t s  conclusions, well In excess of the 
confldence Intervals Implied In I t s  sensitivity analysis. 
u 
The proposed geothermal/cable project Is a very large and expenshre profect 
with an enormotis potential to Impact the economy of the State of Hawall. Currently 
exlstlng economic analyses do not establish a sound bask for confidence In the 
ultimate cost-effectiveness of the project. Very careful scrutiny must be given to the 
dotalls of proposed profed blds and contractual arrangements to assure that financlal 
risks and the costs of project fallures or overruns will not be assumed by Hawali's 
ratepayers or taxpayers or HECO's stockholders. 
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t h e  accuracy! completeness, or usefulness of the inforxacisn 
contained in chis document. Hawaiian Electric Company and St0r.e E. 
Webster Engineering Corporation assume no responsibility f o r  
liability or damage which may result from the use of a n y  cf the 
information contained in this document. 
00879-1869600-D1 
L) APPENDIX A 
GEOTHERMAL RESOURCES OF THE KILAUEA EAST RIFT ZONE 
A . 1  HAWAIIAN ISLANDS - ORIGIN AND ACTIVITY 
The island of Hawaii is the newest member of a chain of vclcaiioes 
that have repeatedly matured as major islands in the middle of z:ie 
northern Pacific Ocean. An obscure complex of processes is 
generating inordinate quantities of magma in a deep earth 
phenomena, the mantle plume or mantle hot spot. Within the plume, 
at depths of 60 kilometers and more, the Hawaiian basaltic magma 
(tholeiite) forms at temperatures of 1350 to 1 4 O O O C .  These high 
temperatures impart an extreme fluidity and density reduction t o  
the magma. The upward mass movement of magma easily penetrates 
the relative1,y thin oceanic crustal plate and rapidly constructs 
new volcanoes on the deep ocean floor {Decker, 1987). b! 
The Hawaiian mantle hot spot, fixed in position and operating as 
an energy and mass transfer system for-more than 7 0  million years, 
is undeterred by the steady northwestward movement of the Pacific 
_ -  crustal plate above it. This plate movement has preserved a trail 
of older volcanoes and seamounts, The Hawaiian-Emperor Volcanic 
Chain, which courses straight and west-northwest for 3550 
kilometers. After a 60°  right bend, the chain holds a straight, 
north-northwest course for an additional 26.00 kilometers before 
its destruction, -with the Pacific crustal plate, by subduction in 
the Aleutian Trench. The 3550 kilometer distance betxeen 
currently active volcanic centers (southeastern island of Hawaii) 
and the bend represents 4 4  million years (my) of relatively 
continuous and increasing magma production by the Hawaiian hot 
spot. The volcanic roqk produced, an approximate volume ot 
750,000 cubic kilometers, now stands on the seafloor as the long, 
linear Hawaiian Ridge. The potassium-argon age dates of lava 
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er rocks in the State of Hawaii range from 5.7 to 5 . 4  m y .  respectively, on Nihau and Kauai, to 0.375 - 0.4 my at N a u n a  Xet  
arid Mauna Loa, the giant shield volcanoes on Hawaii. v c L ca r. L .= 
growth  studies indicate that the Hawaiian hot spo t  is ~ r e s ? : ~ ? : ; .  
generaticg lava volumes at the greatest eruptive rates in i z s  
known history (Clague & Dalrymple, 1987). 
- 7  
The island of Hawaii is one of the largest volcanic mountains on 
the earth. It is a composite structure of five volcanic cei:ksrs 
including the two mighty shield volcanoes Mauna Kea and 3launa Lca. 
Often snow covered, these two young peaks stand nearly 4200 ineters 
above sea level and nearly 9700 meters above the ocean floor in 
the Hawaiian Trough, a submarine basin northeast of the island. 
The island's land area of 10,438 square kilometers has maximuin 
dimensions of 150 kilometers N-S and 129 kilometers W-Z. O n l y  
11 percent of the total volcanic rock mass rises above sea level. 
Initial lava eruptions on the ocean floor constructed volcanic 
seamounts, probably first broaching sequentially as separate 
islands, then rapidly coalescing to form the large, young, present 
island of Hawaii. 
L2 
The five volcanic centers on the island of Hawaii, in sequence of 
diminishing age, are Kohala, Mauna Kea, Hualalai, Mauna Loa and 
Kilauea. The southeastward trends of increasing youth, voLcanic 
activity and seismicity are even more evident with the inclusion 
of the active volcanic seamount, Loihi, 50 kilometers south of 
Kilauea's summit caldera with its summit 970 meters below sea 
level (see Figure A-1 and Malahoff, 1987). Table A-1 presents key 
information on the ages and sequence of volcanic activity at these 
six centers. 
1 
The magma and lava processes, now operating in their upper dynamic 
ranges at Kilauea, repeat the distinctive, comprehensible style of 
Hawaiian volcanism. Compared to the worldwide explosive volcanic 
events common to both geologic and human history, Hawaiian 
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volcanism is reasonably well mannered and approachable. T h i s  :.;Es 
implicit in the action of Thomas A.  Jagger, (1871-1353) 3 
b!assachusetts Institute of Technology professor, who established 
in 1912 the initial scientific facility that was to beccrie ::e 
Hawaiian Volcano Observatory (HVO), at the summit of Kilacea. EVG 
has gathered and interpreted an extraordinary body of knowledTe 
about the mobile magmas and lava that continue to build Xilaup3 
0 
and the Hawaiian volcanic chain in the mid Pacific. The U.3. 
Geological Survey (USGS), having staffed HVO since 1947, ha.; icci 
this scientific achievement. In 1987, marking the 1 3 ~ i ;  
anniversary of HVO, the USGS published a large, two volun!e 
compendium entitled Volcanism in Hawaii, Professional Paper 1350 
(-Decker, - -  et al., 1987). There was no intent to examine the 
geothermal energy potential of Kilauea amidst the many scientific 
objectives of this excellent collection of papers. Hovever, t h e  
papers in Professional Paper 1350 are important supplements to a 
thin geothermal drilling and production data base for a n y  
evaluation of the geothermal resource which exists in the East 
Rift Zone of Kilauea. (Professional Paper 1350'may be examined oc 
purchased at the Earth Science Information Center, USGS, SO4 
Custom Hous.e, 555  Battery Street, San Francisco, CA 94111. 
Telephone 415-556-5627.  
The vertical magma conduit under the summit of the Kilauea volcano 
- 7 ? & t  
u 
is the central feature o f  a vigorous construction process. A 
catalog of z0,OOO earthEakes, collected by HVO since 1962, 
reveals in substantial detail the active processes of magma 
transport within Kilauea's structures (Klein, et &., 1987). Long 
period earthquakes trace both conduits and magma bodies rising 
from 60 kilometers depths to a shallow magma reservoir between 3 
arid 7 kilometers below the summit caldera floor. The reservoir is 
aseismic because it stores a relatively large mass of hot liquid 
charges of rising magma until an eruptive event is initiated at 
the summit or the magma moves laterally into linear rift zones for 
further underground distribution. The openings into Kilauea's two 
A- 3 
00879-1869600-D1 
active rift zones are near the upper limit of its s u m n i t  T . Z ? : : , ~  
reservoir. The solid roof of both the reservoir and the la5eerZ.L 
conduits show varying levels of seismicity which reflzcts m c : ; ~  J '  
mass and transport at greater depth. The long linear ri f t  ZzileS, 
radiating from the summit reservoir, effect a fundamenzzl, 
horizontal, internal distribution of magma away from a volca~ic 
center. A tensional stress field, across the rift zor?e, 
facilitates magma emplacement commonly driven downrir't by :?I? 
hydrostatic head gained from its brief residence in the s u m i t  
reservoir. 
The Hawaiian volcanic rift zones are created as the roofs a!:d 
surface 2xpression of active deep magma conduits. Both transient 
and locally stored magma masses establish an abundance of thermal 
energy. Specifically, it is the repetitive process of magma 
emplacement as near vertical dikes in the tensioned roof rock 
which creates the heat source for a geothermal resource potential 
in an active rift zone. The Kilauea East Rift Zone (KERZ) is in 1 
vigorous stage of growth with a geologically optimal level of 
internal magma activity. It is flanked by an abundant ground:a;ater 
regime on the north and by the sea on the south. The junction of 
abundant heat and fluids along the KERZ establishes its unique 
geothermal resource potential. 
A.2 KILAUEA EAST RIFT ZONE AND ITS GEOTHERMAL RESOURCE POTENTIAL 
The topographic form of the KERZ, after its gradual emergence from 
Kilauea's gentle summit rise, is that of a broad, linear ridge. 
The ridge crest courses east-northeast and straight for 4 2  
kilometers, from an elevation of 880 meters at Makaopuhi Crater to 
sea level at Cape Kumukahi (see Figure A - 2 ) .  Beyond the Cape, the 
submarine element of the KERZ carries the same straight course for 
an additional 70 kilometers to termination on the ocean floor at 
an approximate depth of 4,800 meters. The entire structure, 
subaerial and submarine, was built rapidly by repeated rift crest 
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lava eruptions supplied by magma transport in the undeilyin? 
conduit. In the middle of the subaerial element the lava apro!: 
has a maximum topographic width of 18 kilometers measared ~ o r a a :  
to the rift axis. The more significant feature of the KE4Z is the 
crestal band of local volcanic cones, craters, linear fisscres a:i.3 
graben fault structures that reflect the crestal, cross rift, 
tensional stress above the deep magma conduit. The surface width 
of this active band is approximately 3 kilometers. 
b) 
In 1976, at a location approximately 10.5 kilometers uprif': f r m  
Cape Kumukahi and on the active crest of the KERZ, the initi;?l 
geothermal test well, HGP-A, was drilled to a total depth of 1966 
meters. A bottom hole temperature of 358OC was encountered and a 
total mass flow rate of 110,000 pounds per hour, 4 3  percent stearn 
and 57 percent liquid, was measured. Following installation of a 
3 MW turbine generator in March 1982, the steam production of this 
initial well has provided electric power in the range of 2 . 8  to 2 
MW. Except for scheduled overhauls, this small geothermal povcr 
plant has operated continuously for seven . years with an 
availability factor of approximately 90 percent. The geothermal 
fluid and electrical production from this single well and plant, 
now called the HGP-A Generator Facility, is discussed in more 
- -  detail in Section A.S. This achievement provides the inost 
meaningful indication of an exploitable geothermal resource in the 
KERZ . 
u 
-The internal fabric of fast-building Hawaiian rift zones is a 
nearly horizontal, planar sequence of submarine and subaerial lava 
flows. These basaltic flows originate from local volcanic vents 
or par a1 le1 linear fissures situated along the ri€t crest 
overlying the deep magma conduit. In the upper part of the KERZ 
the top of the magma conduit appears 'to be shallower (seismicity 
to 2-3 kilometers) tly open (deeper aseismic zone) as 
discussed in Harde he continuous lava eruption which 
began in January 1983 in the upper KERZ, is now venting from a 
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newly constructed volcanic cone, C48, at a point approzinatcly ?-? 
kilometers dcwn rift from Makaopuhi Crater. The lava fla:.:s ;1r? 
spilling southeastward and into the sea between Kupapau ar?6 XZ'.:::;:.:. 
Points. 
In the lower 3 0  kilometers of the KEXZ the top of the :.zq:-.~ 
conduit appears to be deeper (about 3 . 4  kilometers or nore) a:?< 
inore commonly closed. Here, the advancing magma reopens c ~ ~ c c ~ c ~  
by the hydraulic injection capability of its significant f1sFd 
pressure. The existing host rock is penetrated by the m b i l e  
fluid magma in nearly vertical planar sheets, several feet thick. 
Both thermal energy and high temperatures are maintair.ec! by 
repetitive dike intrusion and solidification. This dike buildin? 
process is facilitated by the tensional stress imposed on the r i f z  
c r e s t ,  from magma conduit depths to the surface, by earthquakes, 
normal faulting and slumping of the seaward south flank of the 
KERZ. Dike emplacement in the lower KERZ efficiently transfers. 
high heat quantities from magma to shallower prospecti,:? 
geothermal reservoir intervals, as shown. in Figure A-3. 
. , .  
LJ 
Because Hawaii geothermal drilling records, required to be filed 
with the State of Hawaii Department of Land and Natural ReC-*l auLrces  
(DLNR), are reported in English units, the following discussicn 
will utilize the same. The productive geothermal well HGP-A has a 
7 inch perforated liner completion in the depth interval between 
2920 and 6450 feet. This interval of submarine lava flows and 
younger intrusive dike rock presented a temperature profile that 
increased to approximately 620°F at 4000 feet, decreased to about 
570°F at 5800 feet and increased to a maximum 676OF at 6450-foot 
total depth (see Figure A-4). The selection of the top of the 
geothermal reservoir (and completion) interval in this first well 
seems debatable. A restriction in the liner, just above 4000 
feet, unfortunately precludes a spinner evaluation of the deep 
fluid entries in HGP-A. Aside from these concerns, this well 
L 
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continues to produce geothermal reservoir fluids vith l i t r l s  
decline since it was put into production in December 1981. 
Puna Geothermal Venture (PGV) during 1981-85 drilled three o C r  L L S 3 L .  
wells (about 1800 and 3500 feet away from HGP-A well). i!i a 
publicly distributed November 1987 Environmental Impact Stateme::? 
(EIS) f o r  a proposed 2 5  MW (net) geothermal power p l a n t  a:,: 
wellfield, PGV states the geothermal reservoir extends belo:q 4 3 2 9  
feet. PGV bottomed these offset wells at total depths bet::es:: 
7300 and 8000 feet. The EIS briefly characterizes the geothermil 
L, 
L 
reservoir as "very high temperature (over 6OO0F), two-phase 
(vapor-liquid)". Higher steam fractions were obtained in a l l  ?w 
initial flow tests than the 43 percent steam fraction lofig 
prevailing in the HGP-A well production. From these four wells 
which have produced or tested geothermal fluids, the geotherma; 
resource, in the Kapoho locale of the lower KERZ, is a 6OO0F, 
two-phase regime at moderate depth. Three additional exploratory 
geothermal wells drilled along the south edge of the KERZ crest21 
structure have e- ered encouraging temperatures but hcve not 
demonstrated fluid yielding reservoir intervals by  flow^ t e s b  
These seven deep geothermal wells are discussed in more detail in 
Section A . 5  following. 
DLNR, under its published Rules on Leasing and Drilling of 
Geothermal Resources, requires the filing of certain well reports 
(S13-183-85) following completion of drilling operations on any 
geothermal well. After an initial period of confidential status, 
these well records are opened to public access. The reports of 
all seven of the geothermal wells drilled in the lower KERZ may 
now be copied or examined at the public document room. 
Significant documents include well drilling and completion 
histories, lithologic and ure logs, some geophysical logs 
and water sample analyses., 
u 
1 
k 
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A hypochetical geothermal reservoir would be expected. to be 
located in the tension stressed, fractured rock below the crest;: 
F-'- 3 ban2 of the KERZ as shown in cross section in Figure A - 3 .  I 
moderately deep vertical extent of the reservoir ~ o u l d  i)e 
positioced in the hot diked roof above a deeper bundle of T Z S T . ~  
conduits or a possible static magma body. Penetrations of cspicas 
supplies of fresh groundwater, and of seawater to a lesser e:ct.sn:, 
would enter at depth from opposing boundaries of the f r a c t u r e d  
reservoir to mix in an internal convection cell with a bass  
temperature of 600OF. The cross rift and long rift extect and the 
specific nature of the effective side boundaries of the 
hypothetical reservoir have yet to be determined. Drilling a;or,q 
the south flank of the KERZ crest suggests that sharp vertical 
boundaries exist there. 
Subsurface supplies of waters that would contribute to KERZ 
geothermal regimes are inferred to be large. The two shield 
volcanoes, Mauna Kea and Mauna Loa draw heavy precipitation frcm 
the northeast trade winds. Annual rainfall of 100 to 125 inches 
is received on the lower slopes of Mauna Loa and the crest of the 
KERZ. Practically all of this sinks into the porous surface lavas 
and this meteoric water infiltration has established a very large 
ground-water body along the whole north flank of the K E R Z .  A 
limitless supply of seawater can infiltrate the entire narrow 
southern flank. 
e/ 
In spite of the paucity of specific hydrologic subsurface data, 
several early findings suggest that interactions between 
groundwater, geothermal fluids and seawater will be intricate. A 
small group of private water wells, drilled on the lower KERZ 
before its geothermal potential was perceived, were never utilized 
because of the poor quality of the abundant shallow groundwater 
found. This has recently been identified as natural degradation 
caused by leakage from the now proven geothermal reservoir 
(Iovenitti, 1987). In the produced liquid fraction from the HGP-A 
A-8 c 
00879-1869600-Dl 
well, the sodium to chloride ratio within the steadily increasi?? 
total dissolved solids content indicates seawater intrusion i n t z  
the geothermal reservoir. A preliminary working concept of 1ar:q 4 +- 
fresh water and seawater supplies aggressively penetrating t h e  
prospective geothermal core of the KERZ and contributing k~ t k c  
hot fluid convection is sketched in Figure A - 5 .  
0 
A.3  LEGAL STATUS AND REGULATION OF GEOTHERMAL RESOURCES 
Ownership. of geothermal resources is claimed by the Stake of 
Hawaii under state lands and under Reserved lands. The latter are 
lands owned or leased by any person in which the State or its 
predecessors in intcrest has reserved to itself, expressly or b:/ 
implication, the minerals or right to mine minerals, or both. 
Most private land ownerships in the KERZ are Reserved l a n d s .  
Certain private land owners may eventually choose to test in the 
courts the State's claim to geothermal- resource ownership related 
to the Reserved land concept. All geothermal resource develcpnent 
commonly will require dual leases on the Reserved land tracks to 
be utilized. A geothermal mining lease must be obtained froin the 
t State for the subsurface rights to the geothermal resource and a 
W 
. -  
lease must be obtained from the landowner for surface access a n f i  
utilization. DLNR administers geothermal leasing and drilling 
under rules in Title 13, Chapter 183, which were approved in June 
1981. Key State geothermal leasing provisions are royalties of 10 
to 20 percent on resources produced, sold, or utilized. When 
necessary to initiate or continue commercial production of 
geothermal resources, the State Board of Land and Natural 
Resources (BLNR) is authorized to waive royalty payments to the 
State'for any period up to eight years. Ten year primary terms cf 
leases are extendable to a total of 65 years. Individual lease 
tracts are limited to SO00 acres of contiguous lands. State lands 
are leased by public auction only, and Reserved lands are leased 
by grant to the landowner or by auction. Hawaiian land ownership 
tracts, highly varied in size and in shape, are legally 
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represented by Tax Key Maps. Land corner monumer,ts and siir;*e:is 01 
the highly varied tracts have not been commonly utilized. 
Rawaii has stringent land use laws (see Hawaii Revised Sta"_t?.; 
205) which, when enacted, did not address geothermal r:pSv?';rr:;.3 
utilizations. The BLNR and the counties jointly escsbl:.sh 2::d 
regulate land use districts which are dedicated to urban, rcral, 
agricultural and conservation uses. In 1984, state r e g u i c i t l c n s  
were amended to enable geothermal development in all laxd ass  
districts provided a Geothermal Resource Subzone ( G 2 S )  was f i r s t  
established by procedures under Title 13, Chapter 184. T h e  3 L X  
was given the authority to designate and regulate GRS. Three G X  
were approved and established in the KERZ as shown in ?igure A-6. 
The total amount of lands included are approximately 21,900 acres 
apportioned among three blocks as follows: 
Kilauea Lower East Rift (Kapaho Section) 7,353 acres 
Kilauea Lower East Rift (Kamaili Section) 5,531 acres 
Kilauea Middle East Rift 9,014 acres 
Geothermal development may proceed only within such designated GRS 
areas. Proposed designations of new GRS may be initiated by the 
BLNR, any landowner, geothermal lessee or lease applicant, as can 
proposed modifications and withdrawals of existing GRS. 
Environmental impact stateinents are not required in designating, 
modifying or withdrawing any GRS. The GRS process has structured 
the deliberations about possible geothermal resource utilizations 
and has interfaced the county and state authorities within 
designated GRS areas of the KERZ. Hawaii County is the lead 
authority if exploration or development is proposed on rural and 
agricultural lands within the GRS. DLNR is the lead authority on 
conservation lands within the GRS. It must be noted that public 
input to the GRS process is significant. Until the value of 
geothermal enterprise is more clearly demonstrated, resistance to 
GRS enlargement in the KERZ is expected. 
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at their full risk in evaluating and responding to the s t a 2 : l s  
lands and leases in the KZRZ. 
.. Cff-road accessibility in most of the KERZ terrain is aiff1cU:t 
undergrovth, forest cover and impassable lava rock surfac2s :!-? 
typical barriers. Most private land tracts are fenced or  p o s t e l  
against trespassing. New road construction approvals :cc 
geothermal development vi11 be keyed to the status of t h e  la:?.,: 
traversed: agricultural, rural or conservation. 
impossible, even for four wheel drive vehicles. ;?ens4 
A.5 ELEC'IXIC GENERATION AND RESOURCE PRODUCTION IN THE KERZ 
The 3 MW power plant of the HGP-A Generator Facility was 
constructed in 1981 with funds jointly provided by the U . S .  
Department of Energy, the State and the County of Hawaii. A- 
profile of the plant's electric generation history is shown ir. 
Figure A-7 for the s m e a r  interval, commencing in March 1982, 
of commercial power delivery to Hawaii Electric Light Company. 
Because of economic constraints, detailed well production records 
were not accumulated. Possible declines in wellbore 
deliverability or reservoir performance might be inferred frorn 
generator outputs; an initial peak output of 2 . 8  MW versim 2.15 iW 
currently suggest a 1.8 percent annual decline in well production. 
Although several scheduled overhauls were made without finding 
serious degradation, certain material and equipment deficiencies 
in plant design have been clearly demonstrated and may be 
registered i n  the output decline. Cumulative in 
the HGP-A wellbore may be a contributing cause of the apparent 
decline. Several very informative studies of plant and well 
performance have been completed and documented in recent years by 
Donald Thomas of the Hawaii Insitute of Geophysics. 
I; 
- rc 
* 
The continuous 7-year geothermal fluid production of the HGP-A 
well has been very successfully utilized. However, it has 
A-12 
00879-1869600-D1 
afforded only a meaqer basis for und_erst- anding the acothermzi 
r ezou r c e,. The lack of detailed records nf fluid product F-r: 
e, 
1 
p-ters, of periodic pressure-temperature-spinner surs-eys O V ~ T  
ths well's 3530-foot Dexf orated liner completion inte-ild J L  
L 4 
rese;-Jdr pressure monitoring in any offset observation holc are 
to +noted. This provides little context within which several 
perceptive and thorough studies of produced fluids cheniiskry can 
be s l y  judged (Thomas 1985a and 1987). 
4 - 4 
-' 
bd 
The total mass flow of HGP-A well, measured initially as 
approximately 47,300 pounds per hour steam and 62,700 pounds per 
hour liquid, is a product of wellbore mixing (inside 7 incb 
production casing) of different fluids from multiple, separate 
entry points of imprecise depths, pressures and temperatures. E 
distinctive, low salinity of the first produced liquid, suggestive 
of a meteori-ominance in theAeotherma1 -- reservoir, - was 
lost in a gradual, four-year increase in salinity,to about _15,000 - 
mg/kg of NaC1, with production for electric generation. The Na 
and C1 ionic ratios and other metallic changes seem to prove a 
seawater intru\ion into HGP-A well's production sink. This fluid 
change to a new high but stable, level of salinity appears to 
confirm the implications of an irregular presence of anhydrite 
- -  4 -  - - - - - - -  - --- - - - - -  - .- -
--- c 
. -  filled fractures' amidst other alteration minerals found in the 
HGP-A rock cores from the reservoir interval. Fracture guided 
intrusions of seawater into the geothermal fluid convection cells 
must repeatedly occur. Bowever, these intrusions individually are 
probably limited in duration and volume because of rapid 
self-sealing by new mineral deposition at the seawater-geothermal 
fluid interface. A diminution of pH from 7.6 to 6 , S ,  attending 
the increase in salinity of produced brines, was measured. 
Possible minor decreases in produced steam fraction and wellhead 
temperature, if suspected from time 0 time in short term flow 
variations, have not been -measured to identify any long tern 
trend. The precisely identified stability o f  the silica content 
of the brine (about 800 mg/kg) and of the low content of 
rc -
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non-condensible gas (0.3 percent by weight) in the stea:-, ?F.:-;;’ 
reflect the apparent stability of the total mass flow pro4.uced ,:’!e 
the HGP-A well since December 1981. 
Key information from tne seven deep geothermal wells drilied i n t z  
the geothermal reservoir, or equivalent depths, in the loi.;er X Z ? Z  
is summarized in Table A-2. Their locations are shown on F i q u r ?  
A-6. 
Key features of the wells which penetrated the geokh~r:::.al 
reservoir were 9 5/8 inch production casing (cemented j u s t  5 e l ~ : ~  
4000-feet in KS wells) and 7 inch perforated liner in an 
8 1/2 inch hole to total depth. It should be noted that both 
HGP-A and KS-1 wells include remedial 7 inch casing inserts thac 
were emplaced before production and testing. The KS 1 and 2 tesks 
support the recent conclusion (Thomas, 1987) that a dry s t e m  
producing zone exists in the HGP-A well. Composite chemic21 daza 
from the four wells tested are presented in Tables A-3 ar:d A - I .  Lt 
Final Hawaii County approvals are being sought for the Geothemai 
errnal Resource Permit for the PGV’s proposed 25 MW (net1 a e 0  
plant and wellfield which expectedly will include KS-12% and 2 
wells in production service. Drilling plans for the required 
additional production and injection well are in preparation f o r  a 
commencement of development operations later in 1989. 
4 
A proposed Scientific Observation Hole Program at additional 
locations within the GRS areas along the lower KERZ is planned. 
The intended slim hole drilling program, utilizing both rotary and 
diamond core procedures, is jointly funded by the State of EIawaii 
and geothermal operators (Geothermal Resources Council Bulletin, 
1988). Information from the intended 4000-foot holes is to h e  
promptly released to the public domain and should be available 
during the negotiation period for the Power Purchase Agreement. 
C 
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A. 6 GEOTHERMAL RESERVOIR POTENTIAL IN TEE*- KERZ 
The geothernal reservoir potential of the KERZ is most stror17:y 
supported by the HGP-A Generator Facility perforinance cci!ibiil-~~.! 
with its position above a magma conduit which is reasarzbiy 
defined as to location and function. The critical concern is ar. 
estimate *of the magnitude of this reservoir potential within t h o  
lower KERZ-ween the C 4 4  vent and Cape Kumakahi (30 kilometsrs 
or 18.6 miles). 
Volcanic eruptive history proves recurring magma transport through 
the entire lower KERZ. Significant lava eruptions from 
Heiheiahulu "in the reign of Arapai" - circa 1750 A.D. (vent is 2 2  
kilometers SW of Cape Kumakahi) and the Kapoho eruptions of 1955 
and 1960 obtain importance against a detailed modern study of 
Kilauea's magma balance, The USGS - HVO concludes that nearly SO 
percent of all magma mass remains below ground, being emplaced as 
intrusive dikes and sills, The entire KERZ has become a more 
- r 
favored structure for magma distribution and dike construction 
since the magnitude 7.2 Kalapana earthquake of 1975 which 
tensionally opened the entire KERZ structure by seaward slumping 
of its south flank, as shown in Figure A-8 and discussed by 
Lipman, - -  et al., 1987. A preliminary estimate, made froin 
deflations of Kilauea's summit following the  1975 quake, was that 
3 million cubic meters per month of magma was moving into the rift 
zones. - The deep fracturing in the KERZ consequent to this major 
eart'hquake should enlarge or maintain reservoir permeability and 
new meteoric and seawater inputs to geothermal fluid convection 
cells. Heat, fractures and fluids are renewed in the dynamic, 
continuous structure above the KERZ magma conduit. 
The 500 MW objective of this RFP is based on market considerations 
(Lesperance, 1988, and Department of Business and Economic 
Development, 1989). No integrated study exists of all the KERZ 
geoscientific and well data that would provide a creditable 
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estimate of the total geothermal potentiai. Only addFtlc;:?.l 
drilling, flow testing and production can provide measlcires 2 :  :!-.e 
energy capacity that is indicated to exist in the G R S  O E  t h e  KEX:~ 
It is of some interest to note that one existing develcper :-nzar.?; 
to utilize a 500 acre land area dedicated to its 2 5  ,'.i:v' ( : - e : : )  
generation capacity. This suggests that the 22,000 acr.2.s v i : - l i L ; .  
the three GRS areas, if only 50 percent productive, coilld y i ~ l ( ;  
550 NW of capacity. 
A.7 GASEOUS AND LIQUID WASTE DISPOSAL FROM GEOTHERMAL 
WELLFIELD ACTIVITIES 
Effluent waste disposal from the producing HGP-A well has nor benrr 
managed in a way that is acceptable for future geothc-rx-i31 
development in the KERZ.  The 57 percent brine fractior., carryi;;c,r 
about 15,000 ng/kg of NaCl and 800 mg/kg of Si02, is discharged to 
attending silica deposition eventually precludes percolation and 
new ponded areas are then utilized. This practice is unaccepkaS1.: 
KERZ. The produced non-condensible gas (NCG) is burdened v i t h  
about 850 mg/kg of H2S. Normal plant operation produces l i O C  
pounds per day of H , S  that is now abated, with reasonable? 
reliability, with NaOH in a two stage scrubber and by 
shallow surface ponds for  percolation into the ground. The 
for the future commercial development that will occur alonq the Ll 
incineration. The H,S abatement experience at HGP-A, althoagh 
costly and problem-plagued, provides notice that reliability, 
reserve capacity and alternate options of H2S mitigation w i l l  be 
essential to successful "good neighbor" geothermal development ii! 
the KERZ. It is appropriate to note that PGV's Amended 
Application for Geothermal Resources Permit for 25 MW (net) Plant 
and Wellfield (December 1988 submittal to Hawaii County Plannin; 
Department) proposes the injection of recombined streams of brine, 
condensate and NCG back into the geothermal reservoir. Just such 
recombined fluid injection reportedly is successful in its f i r s t  
year of utilization in the Cos0 geothermal field in California. 
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The present status of g2S emission contkols, regarding geothernal 
development in the KERZ, merits special attention. A 1982-1933 W 
b, 
State survey of H2S levels in a 27 station KERZ g r i d  ::as 
comgleted, as were local surveys by HGP-A and PGV. These sur-/e;..- 
should provide some insight into natural H,S emissions fr31:i 
continuous volcanic gas venting that proceeds between the obvici;.: 
eruptive events. Aside from this singular feature of the KEFZ, 
the Hawaii Department of Health ( D O H ) ,  as the State regulator;; 
authority, is now proposing a statewide ambient l-hour enissic:i 
standard,of 139 micrograms H,S per cubic meter (0.1 ppmv) f c r  
inclusion in Administrative Rules Chapter 11-59. DOH alsG 
proposes a statewide allowable increment of 0.35 mg/m3 (0.35 ppmv) 
of H2S emission from any new facility. This proposal and lesser 
H,S constraints are included in draft DOH Rules 11-60-15 and 16. 
An additional DOH regulatory authority extends statewide to 
underground injection control (UIC). Though the non-potable 
quality of ground water was proven by landowner dri1,ling in the 
KERZ before recognition of the geothermal resource, some of t h e  
GRS areas remain in the Underground Sources of Drinking Water 
(USDW) status. Injection of produced geothermal fluids w i l l  
require approval by the DOH. 
A . 8  VOLCANIC AND SEISMIC IMPACTS ON WELLFIELD DEVELOPMENT 
- -  
An excellent summary of the volcanic hazards that occur along the 
I KERZ is presented by Mullineaux, ‘et - al. 1987. Lava flows wili 
pose the most likely hazard over time, as shown in Figure A-9. 
However, lava flows are controlled by topography, as any surface 
water flow would be. A careful evaluation of the KERZ terrain can 
be made with the assistance of detailed topographic maps recently 
interval). The probable flow course and other possible 
topographic controls can be reasonably predicted. The morphology 
\ published. by the USGS (1:24,000 scale and 20-foot contour 
and emplacement dynamics of the blocky aa type of lava flow are 
LJ A-17 
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L detailed by Lipman and Eanks, 1987. This more viscous, ~hicl-:-.r building flow commonly moves in a 100-200 meter r ' r c n t a l  V G L C L ~ . ,  
serisral necers high and at velocities up to 50 metsrs per h z s r .  
F F m l  flow thickness may range from 5 to 10 m e t e r s  in : le i? : , : .  
. - ,  
. .  
The less likely but more serious volcanic hazard, the Eisssrs s r  
vent e:uption site event, is mitigated by the much smaller a r e a  5 :  
direct impact. However, against the expected long life cf t h e  
geothermal resource it cannot be considered predictable ir. t i17.c) ~ J L  
location. It will remain the greatest risk in development 0 2  c h 2  
geothermal resources of the KERZ. Air lofted tephra (rock debris) 
ash and gas concentrations from eruptions may yield a range of 
secondary and addressable impacts on any KERZ geothermal site 
depending on wind conditions and distance from source points. 
Ground surface dilation, extension or subsidence due to local 
magma movements or lava discharges, are additional processes 
common in the KERZ that are of minor impact on wellfieid 
operations. 
The high seismicity of the KERZ is directly correlated with its 
high level of constructional volcanic activity. This is clearly 
presented in an excellent new map publication of statewide scope: 
"Seismicity of Hawaii, 1962-1985, - USGS Open File Report 88-285 ' '  
which may be purchased at the Pacific Map Center, 647 A u a h i  
Street, Honolulu, HI 96813, Telephone 808-531-3800. The 
seismicity of Kilauea's magma system, detailed by Klein, - -  et al., 
1987, chiefly includes events of less than magnitude 4 which are 
generated by magma and dike activity in the 2-5 kilometers deptb. 
interval. This class of seismicity presents a significant guide 
for geothermal wellfield development and presents little or no 
attendant hazards. It is the deep, infrequent, tectonic 
earthquakes of magnitudes k 7 which could impact KERZ geothermal 
development. Fortunately, the largest historical earthquake in 
this class, the November 1975 magnitude 7.2 event, at a depth or' 9 
kilometers under Kalapana on the southeast coast of the Island of 
b 
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Hawaii, was fully rekoided by the HV seismic network. %is 
imposed a 0 . 2 2  gravity acceleration measured at Silo 
( 4 3  kilometers NNW of Kalapana). Geothermal wells in the KZAZ, 
with multiple cemented casing strings and Series 900 trellhea2.s,  
spider braced in reinforced concrete cellars, should surpass kb.2 
0 . 4  gravity acceleration factor selected for the plant and surface 
facility design to safely withstand the tectonic class of 
earthquake. 
L J  
Significant strategies can be utilized fo r  the protection of ZERZ 
geothermal wellfield development and production operations. 
Directional drilling would permit wellheads to be clustered on 
elevated or cinder berm protected wellpads that would be a t  
minimal risk from both volcanic and the seismic hazards. Dri1lir.g 
rigs may merit heavier guy-lines as added protection. Steam and 
other wellfield pipelines will be vulnerable to lava flows and to 
major earthquakes. Rapid cinder berm construction and pipeline 
repair capacities can be considered as response options. 
The common volcanic-seismic basis of both the resource and hazards 
in the KERZ should encourage development of key surveillance 
methods. A very sensitive seismic net could simultaneously 
forecast possible lava eruptions and track the wellfield 
production and injection fluid impacts to optimize geothermal 
reservoir management. Multiple physica nd chemical parameters 
can be examined for volcanic-seismic-exploitation correlations 
that may increase thermal energy recovery and reduce the attendent 
risks. 
W 
A.9 
The important tasks in future geothermal drilling in the KERZ will 
be to increase well productivity and reduce well costs. An early 
evaluation of directed, angled completion -intervals seems 
GEOTHERMAL WELLS AND WELLFIELD CONCEPTS AM) OPTIONS 
appropriate, given the common feature of near 
3 
vertical and planar 
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fractures, partings and dikes parallel to the rift a x i s ,  in t : ; e  
expected production intervals. The four penetrations of t h e  z - 2 1 1  
yielding reservoir to date were in vertical wellboris, xhic 'n Is 
less than an optimal orientation to intercept near vert i . : : i  
openings. If an upper reservoir yield of 100 percezt scc'3l;: 
production could be achieved by more precise completions, p ~ s s i b ; : ;  
in the 4000 to 6000 foot depth interval as suggested i r ?  the :<3 
wells, a productivity increase and associated cost reduction 7,icji:: 
significantly assist initial wellfield development. This fFn:',in,; 
would next invite consideration of "big hole" production K F L ~ S .  
- ,  . . 
- .  
L' 
In the context of improving well productivity and accur3 te i .y  
measuring the results, it is important to note that initial well 
flow testing of KERZ geothermal wells is not a simple a n d  low cost 
task (D'Olier and Iovenitti, 1984). The presence of cool 
groundwater aquifers to possible depths of about 2000 ,Feet calls 
for gradual preparations. An initial static warmup ( f i r s t  
geothermal fluids rising within the completion fluid coiunn of t:?? 
shut-in well) followed by accelerated heating and deliberzte 
bleeding will elevate the wellbore to a more uniform thermal state 
to accommodate the initial high mass - high temperature flow upar! 
opening. The capacity to go promptly to fully opened, vertically 
vented flow to atmosphere must be present because of an extreizely 
erosive initial discharge of a sharp grit of rock and minerais 
from the producing formation. A continuous, full open flow, with 
its 120 decibel noise penalty, appears to be the most efficient, 
b 
fast and safe procedure to obtain this critical well cleanup 
before shunting the flow into measurement runs and muffled 
venting. 
As waste fluid injection is thoroughly evaluated and is considered 
for high utilization in the KERZ, the function and reliability of 
injection wells will become as critical to system operations a s  
production wells are. Expecting a design and quality comparable 
to production wells, injectors must be further protected with i! 
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hang down casing string (replaceable) as the injectate conduit zo 
the perforated linered interval at depth. Actually, marginal 
production wells may be placed on back up injection s e r v i c e  :.ii:h 
the ac?dition of a protective hang down string. It a p p e a r s  th-tt 
accurate and detailed knowledge of geothermal r e s e r * i G i r  
performance and optimal utilization of every well will bo 
essential in the KERZ. 
A.10 MATURITY OF TECHNOLOGY 
kd 
The improvement of geothermal well design and material seLection 
will be important considerations for economic development of KERZ 
reservoirs. The conventional design and K-55 grade of casing and 
liner used in the HGP-A well seems to be endorsed by more than 
seven years of continuous production. However, the down h o l e  
conditions of this wellbore are poorly known. The costs of the 
offset wells, at industry market rates in the early 1980's, 
commonly exceeded $2,000,000 per well for drilling and completion. 
Substantial improvements in logistics and management of I'uture 
development drilling should be important cost reduction factors, 
Upgrades in tubular materials, couplings, and possible cementing 
in tension procedures may provide gains on a benefit-to-cost 
basis. Modern rotary drilling, cementing and drilling fluid 
practices are mature practices that should serve efficiently in 
KERZ geothermal wellfields. ANSI 900 series wellhead equipment is 
indicated for standard utilization on KERZ production wells. 
The productid f two-phase fluid production and 100 percent steam 
production are mature geothermal industry technologies. High 
volume liquid injection into a producing geothermal reservoir is a 
developing technology in the industry. Injection into KERZ 
reservoirs m prove difficult to, integrate with the production 
objectives; an alternate disposal- target may be deep 
seawater zones immediately south of the expected geothermal 
reservoirs. 
- -  
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The substantial daily fluctuation of the Oahu power K P C ~ ~ ; Z : . : P : . : : ~  n L  - 
indicates that PROPOSERS should consider a load-follovinc, dzl--:- 
cycling of KERZ geothernal welifield prcductian as 3ne csri-*- .  
among ocher possible responses. Daily cycling in the fJrm ,:f z 
shared reduction of steam supply, from a welifield a e c z z r  
producing commonly to one generating plant, is not knowr! to be 7 
sustained practice anywhere i n  the geothermal indsstry at ::lis 
L . .  ime. The required reduction alternatively might be achie-,ied 5 : ~  2 
niqhtly shut-in of a much smaller number of wells. The iicpzcts cf 
a corrnon nightly reduction, or of a selected ( o r  rotated) f ~ l l  
shut-in, will relate to the magnitude of pressure and tempratxre 
increases imposed in each wellbore, wellhead and flow cot;l-rol 
valve and to the endurance or quality of well design, materials 
and equipment. All of these factors will be site specific t o  :;?e 
geothermal reservoirs, producing wells and economics to be ea- 
countered in the HERZ. 
A . l l  OPERATIONS AND MAINTENANCE 
Replacement (makeup) well drilling, redrilling f o r  extended 01' 
improved production or injection service, and remedial cleanouts 
may become significant requirements in KERZ geothermal fields. KO 
- other extraordinary requirements are indicated. 
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TABLE A-1 
ISLAND OF HAWAII VOLCANIC CENTERS 
Oldest Lava 
or Flow Dates* 
Volcano (years age ) . Eruptions 
Kohaia 700,000 
K-Ar max 
Mauna Kea 375,000 
K-Ar max 
Hualalai 106,000 
K-Ar max 
Mauna Loa 400,000 
K-Ar max 
38,000 
C14 max 
Kileaua 
Loihi 
23,000 
C14 max 
Last event 
60,000 years 
ago 
Last event 
4500 years 
ago 
1800 A.D. 
37 events 
1832-1984 
64 events 
1790-1989 
continuous 
since 1983 
Fresh tholeiite Per swarm? 
flows at summit, 
Age? 
Minimal 
Occasional 
High 
S ha 1 1 sw 
swarms 
1 9 7 1 - 7 s - a a  
*K-Ar Potassium-Argon dating 
C14 Radiocarbon dating 
00879-1869600-01 
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TABLE A-2 
KERZ DEEP GEOTHERMAL WELLS 
Total 
Depth 
Well (feet) 
Ashida 1 8300 
HGP-A 6450 
Kapoho 7290 
State 1 
Kapoho 8005 
State 2 
Kapoho 6562 
State 1A 
Lanipuna 1 8389 
Lanipuna 1 6299 
redr ill 
Lanipuna 6 4956 
BHT* 
( O F )  
619 
676 
642 
648 
572 
685+ 
300 
2so+ 
Comments 
No permeability or fluids; suspend2z 
Producing +110,000 lbs/hr TMF s i n c e  
Dec 81; about 43 percent steam and 
57 percent brine 
Short test; 72,000 lbs/hr stear,,;*+ 
suspended 
Short test; 33,000 lbs/hr steam;** 
suspended 
Tested; data proprietary; shut in 
Low perm., trace of fluids; 
abandoned 
379OF maximum; no fluids; 
abandoned 
Major L.C. zone below 4285' 
suspended 
Table modified from Thomas, 
1985 
- -  
*Bottom hole temperature 
**see fovenitti and D'Olier, 
Well locations are shown on Figure A-6 
1987 
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TABLE A-3 GEOTHERMAL FLUID CHEMICAL COMPOSITION 
COMPOSITE  DATA^ 
Element 
Steam 
Condensa t eb 
(PPm(w) 1 
Na 
K 
Ca 
Fe 
Mn 
B 
Br 
I 
F 
Li 
c1 
Mg 
NH3 
so4 (c) 
Hg 
A s  
S= (d) 
Total Alkalinity 
HCO 
S i O ,  
TSS 
TDS (e) 
PH 
Conductivity 
(-o/cm) 
Density 
c03 
600 - 10,000 
123 - 2,700 
4 0  - 920 
1 - 2  
C1 - 8 . 5  
4 - 11 
4 0  - 80 
<20 
0 . 2  - 0 . 9  
1 - 9  
9 2 5  - 21,000 
co.01 - 0.1 
9 . 2  - 2 4  
qo.001 - co.05 
0.09- - 0 . 4  
5 - 100 
c10 
0 - 18 
0 
4 2 0  - 1,500 
70 
2,500 - 35,000 
<5 - 5.5 
3,100 - 67,000 
<i - 8 . 4  
1.03 
0.17 
0.10 
0.10 
c0.1 
0.05 
C 0 . 0 5  
-0 
<0.01 
<2 
0.12 
13 -- 
<0.01 
c10 
0 
0 
0.7 
15 
3.5 
12 0 
a Composite data from three wells on the PGV site (KS-1, K S - l A ,  
and KS-2) and the HGP-A well. 
Wellhead pressure (WIIP) = 155 psig; Wellhead Temperature (WHT) 
= 368OF. 
Concentration high due to oxidation of S= to SO4. 
Concentration low due to oxidation of S= to SO4.  
(from Department of Business and Economic Development, 1989) 
e TDS = Total Dissolved Solids. 
T a b l e  A-4  NONCONDENSABLE GAS COMPOSITION COMPOSITE DATAa 
Gas 
ObserJed 
Steam Content 
PPm ( w )  
Plant Design 
Composition 
PPm ( w )  
250 - 1 , 0 4 2  956 
800 - 1,300 1950 c02 H2S 
NH3 
N2 
CH4 
- ( c )  - 6 - 13 A r  
10’- 700 582 - (dl - He <o. 009 
H2 11 - 140 12 
Total NCG 1 ,500  - 2 , 2 0 0  3500 
a Composite data from three  w e l l s  on t h e  PGV site (XS-1,  K S - l A ,  
and KS-2) and t h e  HGP-A w e l l .  
b WHP = 155 p s i g t  WHT = 368?F. 
Below Detection L i m i t  (~1.5 ppm NH3 in KS-1A) 
d Below Detection L i m i t  ( ~ 0 . 2  ppm C H ~  i n  KS-1A) 
td 
- -  (from Department of Business and Economic Development, 1989) 
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HGP-A WELL TEMPERATURES 
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